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CHAPTER-I 
INTRODUCTION 
GENERAL STATEMENT : 
The clastogenic, volcanogenic, chemogenlc and 
organogenic assemblages developed to the south-east of 
Udaipur City (Rajasthan), constitute an uninterrupted 
record of the Debari Group of the Aravalli Geological 
Cycle (Anon, 1981). The study was directed to evaluate 
the 'Geology of the Aravalli Shelf with particular 
reference to its structural fabrics in Utnra Sector, Udaipur 
District, Rajasthan'(Fig. 1). 
The study presents the basic data on lithology, 
structure, metamorphism and roagmatism of the Debari rocks 
deposited in the shadow of the Chanda Craton (Lasaria 
Plateau). During the course of investigation particle strain 
was studied at the phenoclast level for determining the 
various paranveters related to strain in the basal sequence 
of Debari Group. The data on lithology, deformation, meta-
morphism and magmatism have been synthesised in correlated 
model for interpreting the geotectonic history of the Lower 
Proterozoic sequence of the Debari Group. 
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FIG.1 
LOCATION i 
The basal sequence of the Debar! Group in Girwa of 
Udaipur can be delineated into Debari, Umra and Jaisamand 
sectors for the purpose of description (Pig. 4), The conglo-
merate-quartzite ridges of the Jaisamand Formation occur 
enechelon in Jaisamand and Debari areas (Pig. 2). The 
transitional area where the two ridges overlap each other 
has been included within the Umra Sector. The Urara Sector 
encompasses an area of about 100 sq. km. falling between 
North Latitude 24°30« to 24°35* and East Longitude 73°45* to 
73°50*. The area is included in the Survey of India toposheet 
no. 45 H/14. 
COMMUNICATION AND ACCESSIBILITY t 
The area is approachable from Delhi by rail, road and 
air via Udaipur, which is district headquarter, Umra is 
connected with the Udaipur City by a metalled road and 
railway line. Umra railway station is located 10 kms from 
Udaipur City on Udaipur-Ahmadabad meter guage railway line, 
Kanpur, Maton and Lakarwas are the important villages in the 
study area and are connected by cart-track and roads. 
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F I G . 2 . CONGLOMERATE-QUARTZITE RIDGES OF J AISAMAND FORMATION OCCUR 
ASENECHELON INUMRA AREA. 
CLIMATE t 
The Aravalli region is included in the semi-arid zone 
of Western Indian Shield. It has three major climatic divisions 
in a year viz., winter, summer and rainy seasons. The winter 
lasts from November to January, the atmosphere remains almost 
clear and dry. From April to June or till before the onset of 
monsoon, the weather remains hot and dry and the area is 
largely swept by the westerly winds. The summer months, April 
to June are extremely hot and inhospitable. The rainy season 
lasts from July to October. The average rainfall varies from 
90 cm to 100 cm, most of which is received between July and 
August through the south-west monsoon. 
DRAINAGE i 
The Ahar river is the main artery of drainage in the 
area, it generally follows the regional slope. It is fed by 
smaller tributaries, whose drainage trends are determined 
by the local structural, topographic and lithological set-up. 
These tributaries are mostly ephemeral. The Ahar river is 
perennial and feds the Udaisagar lake, whence from it emerges 
as Berach drainage system. In dry months this river is reduced 
to mere puddles with little surface run-off. 
FAUNA : 
Most varieties of wildlife have vanished with increasing 
urbanisation acconrpanied by accelerated deforestation. However, 
rarely carnivors like leopard, panther and wolf are found in 
the protected forests. Deer, monkey, jackal, snake, tortoise 
are conunon. Crane, crow, pigeon and patridge are the common 
aves, endemic to the area. Domesticated animals like cows, 
camels, buffalowes, sheep, goat and dogs are commonly seen 
in the villages. Local ponds and lakes in the area have some 
varieties of fishes and crocodiles. 
FLORA : 
The vegetation in the area is scanty and mostly shrubby. 
At some places there are some patches of teak (Tectona grandis), 
mahua (Madhuca indica) and salar forests with wild creepers 
and grassy under growth in the reserve forest area. The trees 
like those of nim (Azadirachta indica), mango (Mangifera 
indica), mahua (Madhuca indica), ber (Zizphus jujuba), dhak 
(Butea frondosa), babool (Acacia arabica), banyan (Ficus 
bengalensis), pipal (Ficus religiosa), gular (Ficus glomerates) 
and bamboo (Dendraclamus strictus) are generally grown near 
the villages as part of social forestry programme. 
PHYSIOGRAPHY : 
Physiographically, the study area may be classified into 
the following three geomorphic units (Pig. 3). 
1. The structural hills of Aravalli 
2. The Aravalli Rolling Plains 
3. The Udaisagar lake basin. 
1• The Structural Hills of Aravalli s 
The structural hills of Aravalli in Umra Sector form 
linear hogbacks which are mainly composed of highly resistant 
conglomerate and quartzite. These occur as monoliths overlooking 
the plains. The hogback ridges are the morphotectonlc signatures 
of the underlying structural fabric of the area. These serve 
as marker horizons for local and regional stratigraphic 
correlation in the area. At some places these hogbacks attain 
elevations up to 750 meters above the mean sea level. 
2. The Aravalli Rolling Plaina : 
The Aravalli rocks mainly composed of quartzite, schists, 
phyllites, quartz-chlorite-biotite schists and granites occupy 
the gently rolling to almost flat plains which are generally 
GEOMORPHIC UNIT OF UMRA AREA 
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covered by a thin veneer of alluvium. At some places, the 
solid geology crops out from beneath the alluvium, whose 
trends are generally determined by the local penetrative 
planar tectonic anisotropy. The homogeneity of the erosional 
surface has often been modified by the development of sub-
dendritic drainage network, whose morphotectonics is controlled 
by the locally prominent planar tectonic elements. 
3. The Udaisagar Lake Basin : 
The Udaisagar lake is 3 km in length with an average 
breadth of about 2 km. The lake basin has been formed by 
debouching of the Ahar river into the lake depression. Recent 
alluvium forms a smooth flat (within the lake periphery) in 
an otherwise highly accidented rocky terrain. The alluvial 
cover of the Udaisagar Lake Basin forms an oasis in the 
rocky desert. 
SUBJECT AND SCOPE OF THE INVESTIGATION : 
The present investigation was directed to evaluate the 
Geology of the Aravalli Shelf with particular reference to 
deformational history as manifested by the clastic strain in 
the basal sequence of the Proterozoic rocks in Umra Sector, 
Udaipur District, Rajasthan. To achieve the objective of 
10 
present study, detail analysis of the particle strain was 
carried out at phenoclast level through the two dimensional 
and three dimensional strain analysis techniques, using the 
axial ratios and spatial orientation of the deformed particles 
as basic parameters. The sediments were studied for their 
bedding characteristics and bedding plane inhomogeneities, 
phenoclast segregation factor and lenticularity index were 
estimated to interpret the dynamics and environment of 
sedimentation. Petrographic studies were mainly carried out 
to interpret the p and T levels and mineral paragenesis in 
a polyphase roetamorphic regime. Geotectonic model of the 
present investigation has been conceived by synthesis of the 
data generated on stratigraphy, sedimentation and metamoirphic 
events of the area. 
METHODOLOGY t 
The methodology and techniques applied for the present 
investigation are mostly those which are usually applicable 
to the Geological Survey of an area. Besides laboratory 
investigation were carried out for probing the stratigraphy, 
structural and petrographic fabric of the umra Sector. 
11 
Field Inves t iga t ions s 
(a) Geological Mapping : 
Reconnaisance traverses were taken for developing local 
and regional perspective in the study area. Geological and 
structural maps of the area were prepared using toposheet 
as a map-base on 1 : 50,000 scale. The important features 
like the formational boundaries, attitudes of primary and 
secondary structural elements, sedimentary characteristics 
of the lithounits were carefully recorded in the field and 
plotted on the base map. 
(b) Collection of Rock Samples s 
The hand specimens of rocks were systematically collected 
from different geological formations. Samples were collected 
along the selected traverses as well as across the general 
strike of different formations. As far as possible the fresh 
samples were collected, in deeply weathered sections partly 
weathered samples were accepted for petrographic study. 
(c) Sampling of Pebbles x 
During the course of invest igation the pebbles have been 
col lected along and across the general s tr ike of the formations. 
12 
The phenoclasts have beer, used for determining the strain in 
the basal sequence of the Debarl Group as well as bedding 
character i s t ics were estimated to interpret the dynamics and 
environment of sedimentation. 
Three dimensional and two dimensional measurements of 
pebble axes were carried Dut carefully at a number of l o c a l i t i e s . 
The three dimension axial measurements of more than 500 pebbles 
were made at 13 di f ferent locations (Pig. 2 ) . Besides, about 
300 pebbles were measured in two dimension. 
(d) Laboratory Investigations t 
1. Thin sec t ion studies of the rocks have been carried out 
for determining petrograpnic characters, textures and micro-
structures to e s t a b l i s h tue relationship between deformation 
and metamorphlsm. 
2 . Photomicrographs were taken of the representative thin 
sections of rocks i l lus trat ing textures, fabrics and tectonic 
anisotropy developed in t-e Debari Group. 
3 . Structural data collected during the f ie ld work were 
col lated sub-area wise, tabulated and plotted on stereonet 
for the analyt ica l treatment of fabric elements. 
4 . The patterns and line symbols were adopted for representing 
different l l t h o u n i t s , bedding characterist ics and structural 
elements in geo logica l and structural maps. 
13 
A REVIEW OF PREVIOUS WORK s 
A preliminary geological mapping of the Aravalli region 
of Rajasthan was first done by Racket (1877, 1881). He prepared 
a geological map of the region around Udaipur, Central Mewar 
and assigned the Precambrian rocks to "Aravalli Series" after 
the Aravalli ranges in Rajasthan. He correlated the rocks of 
"Aravalli Series" with the Dharwarian rocks of South India on 
the basis of lithology. 
Coulson (19 33), Crookshank (1948), Gupta (1934), Heron 
(1917 a, 1917 b, 1923, 1926, 1935, 1953) and officers of 
Geological Survey of India carried out systematic mapping in 
parts of Rajasthan. 
Heron (1953) synthesised the Precambrian geology of 
Rajasthan and gave a four-fold classification on the basis 
of lithological homogeneity and structural discordance of 
the Precambrian sequences in north-west Indian Shield. 
Table-I presents the Precambrian litho-stratigraphy as 
synthesised by Heron (1953), 
14 
Table-1 : Stratigraphic Succession of the Precamibrian 
Formations of Rajasthan (Heron, 1953), 
Delhi 
System 
Ajabgarh 
Series 
Alwar 
Series 
Raialo 
Series 
Upper phyllites 
Limestone 
Biotitic limestone and calc-
gneisses 
Calc-Schist 
Phyllites, biotite-schists and 
composite gneiss 
Quartzite 
Arkose grit and conglomerate 
Garnetiferous biotite schists 
Limestone (marble) 
Local basal grit 
Aravalli 
System 
Aplogranite, 
epidiorites and 
hornblende-schists 
ultrabsics 
Impure limestone, 
quartzites, 
phyllites,biotite-
schists, composite 
gneiss 
Quartzite,grits 
and local soda-
syenites, 
conglomerates 
Local amygdaloids 
and tuffs 
Banded 
Gneissic 
CoiRplex 
Schists,gneisses Pegmatite,granites 
and composite aplites and basic 
gneiss rocks 
Quairtzite 
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Stratlgraphic Position of Debarl Conqlomerate-Quartzlte : 
Heron (1953) mapped the conglomerate-quartzlte sequence 
occurring as hogback ridges at Jalsamand and Debarl as outliers 
of Delhi System, On the basis of llthologlcal characteristics, 
he correlated the conglomerate, arkose, orthoquartzlte sequence 
with the Alwar Series, To explain the juxtaposition of his 
Alwars with the Aravalll rocks In Glrwa of Udalpur he Invoked 
thrusted contact, 
Poddar and Mathur (1965) on the basis of local relationship 
of superposition, bedding characters and clastogenic population 
of the conglomerate and arkoses assigned the sequence to the 
basal part of the Aravalll Group, 
Later several workers supported the inclusion of the 
sequence into Aravalll Group (Darole and Sharma, 1970; Banerjee, 
1971'* Chauhan, 1979), Naha and Halyburton (1974) on the basis 
of structural fabric observed that the Delhi outliers at Debarl 
are the part of Aravalll sequence. Roy et al, (1980) consider 
the conglomerate-quartzite association of the Jalsamand ridge 
around Umra (Fig, 2) as younger than the Debarl conglomerate-
quartzite sequence. 
Aravalll Supergroup x 
The revisional mapping carried out by the Qeologtcel 
Survey of India has led to reclassification of the Aravalll 
sequence in the Udalpur area (Anon, 1981). 
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The sequence of phyllite, mica schist, garnetiferous 
biotite schist, metagraywacke, meta-sub-graywacke, meta-
semipelites, meta-siltstones, quartzite, protoquartzite, 
meta-conglomerate, meta-arkose, basic roeta-volcanics, 
pyroclastics, dolomite, dolomitic marble, phosphatic and 
sulphide bearing dolomite, phosphatic chert, carbonaceous 
and manganiferous phyllite, calc-silicate rocks, calc-schist, 
hornblende schist, amphibole schist, gneisses and migmatites, 
together with interlayered basic volcanics and synorogenic, 
late to post erogenic acid, basic and ultrabasic rocks overlying 
the Mangalwar and Sandmata complexes of the Bhilwara Supergroup 
with an erosional unconformity have been assigned to Aravalli 
Supergroup, covering a time span 2.5 b.y, to 2 b.y. 
On the basis of lithostratigraphic association, structural 
and metamorphic history and tectono-environraental setting, the 
rocks of the Aravalli Supergroup have been assigned to Debari, 
Udaipur, Kankroli, Bari Lake, Dovda, Nathdwara, Lunavada and 
Champaner groups. Table-iii piresents the lithostratigraphy of 
the Aravalli Supergroup. 
Debari Group j 
Clastogenic, chemogenic and organogenic, coastal and 
shelf sediments deposited marginal to Mangalwar, Sarada and 
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Mando-Kl-Pal cratonlc masses with first order eroslonal 
unconformity together with asscxriated synsedimentational 
shoreline spilitic basic volcanics (corresponding to early 
depositional and volcanic episodes of geosynclinal phase of 
Aravalli Geological Cycle) have been included in the Debari 
Group (Anon, 1981). It conprises a sequence of petromict 
rneta-conglomerate, meta-arkose/ quartzite, phyllite, mica-
schist, basic meta-volcanics with associated pyroclastics, 
calcareous quartzite, dolomitic limestone, dolomite, calcite 
marble, ferruginous chert, algal phosphatic dolomite and chert, 
carbonaceous and manganiferous^  phyllite. 
On the basis of lithological homogeneity, mappability 
and nature of spread of litho-associations, the Debari Group 
in the type area of Debari Sector has been divided into Gurali, 
Delwara, Jaisamand, Berwas and Jhamarkotra formations in the 
ascending order of superposition. Table-li presents the 
distribution and oorirelation of the formational units of 
Debari Group in the various sectors of the Araralll sequence 
in Udaipur and adjacent districts Banswara in Rajasthan. 
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Table-II : D i s t r i b u t i o n and corre la t ion of the formational u n i t s 
of Debari Group in Debari, Jaisamand, Ghatol and Sarda 
Sec to rs . 
Debari 
Sector 
Jaisamand 
Sector 
Ghatol 
sec tor 
Sarda 
sec tor 
04 
o 
H 
< 
pa 
M 
Q 
ft 
c =t 
o o 
-P U (0 D» 
CO 
Jhamar-
ko t r a 
Formation 
Batermax 
Forsation 
Jagpura 
Formation 
Kathalia 
Formation 
Berwas Dalcankotra Mukandpura 
Formation Forrtation Formation 
Jaisamand Jaisamand Jaisamand Sismagra 
Formation Formation Formation Formation 
Delwara Delvara Delwara Natharia-Ki-Pal 
Formation Formation Formation Formation 
Gara l i 
Formation Gural i Basal Formation Formation 
In the Umra Sec tor , for a proper r e l a t i v e assignment of 
the predominant chemogenic, orcanogenic/biogenic assemblages in 
con t ra s t to c l a s togen ic and volcanogenic rocks of the Debari 
Group, the Berwas, Dakankotra, Sabarmal and Jhamarkotra formations 
have been included in Maton Surgroup to express natura l r e l a t i o n -
ship of the l i t h o u n i t s . The coiroosition and sedimentary a t t r i b u t e s 
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of the rock of Maton Subgroup indicate euxenic conditions of 
deposition in restricted basin which developed along the shore-
line in the transition zone between the carbonate shelf interior 
and deeper part of the basin. The subgroup is repository of 
phosphatic deposits associated with stromatolitic dolomite and 
chert in Jhamarkotra, Maton, Kanpur and Dakankotra areas (see 
Anon, 1981), 
Biota : 
The first record of life in the proterozoic meta-sediments 
of the Udaipur area was recorded by Iqbaluddin and Mathur (1965), 
The form genera Newlendia, Weedia, Conophyton, Collenia, 
Cryptozoon have been recorded from the Aravalli rocks of 
Udaipur District, Rajasthan. Muktinath and Sant (1967) recorded 
the occurrence of phosphorite from the stromatolitic dolomite 
of the Aravallis in Udaipur. Banerjee (1971) proposed the 
stromatolites of the Umra, Maton and Kanpur area are older 
as compared to the stromatolites which occur in the west of 
Udaipur City (NSmachmata, etc.). The main unit is fragmental 
stromatolite and predominantly phosphatic in composition. The 
presence of reworked fragments of stromatolites have also been 
recorded from the area (Banerjee, 1971; Chauhan, 1979). 
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Structure 
Heron (1953) gave the first structural account of the 
area and considered the Aravalli sequence of Umra area as the 
eastern limb of an anticlinorium with closure in the Zawar area. 
The rocks of the Debar! Group (his Alwar Series) were considered 
as outliers occurring as thrust masses over the Aravallis. 
Thus he considered by logic the Debari rocks as Klippe. 
Subsequent workers (Ghosh and Naha, 196 2; Naha et al., 1966 a; 
1966 b, 1967; Naha and Chaudhury, 1968; Naha and Mukherjee, 
1969; Naha, et al., 1969; Naha and Majumdar, 1971 a, 1971 b; 
Naha and Halyburton, 1971) have recorded superinrtposed folding 
in basal Aravalli rocks of Rajasthan. 
Naha and Halyburton studied the structure of the basal 
Aravalli rocks in Kankroli area and have recorded the first 
folds as isoclinal which had east-west trend. These were 
refolded by open to isoclinal (Fo' folds. F^ and F folds 
have been recorded as kink bands and conjugate folds (see 
Roy et al., 1980). 
Mukhopadhyay and Sen Gupta (1979) studied the eyed fold 
in the basal Aravalli sequence of the rocks, assigned to Debari 
Group of Ghatol Sector and records the development of eye fold 
due to strong flattening of earlier fold having plunge 
culminations and depressions. The buckling accompanying the 
second deformation rotated the linear element towards the 'X' 
axis of the strain ellipsoid. 
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Mukhopadhyay and Sengupta (1975) who studied the micro-
fabric of basal Aravalli sequence from south-eastern Rajasthan 
did not find any indication of the variable stress pattern 
usually associated with buckling either in C-axis orientation 
of quartz or twinning in calcite. 
The revisional mapping carried out by Geological Survey 
of India (Anon, 1981) has recorded four deformative episodes 
from the Aravalli Tectonic System which have been designated 
as AD,, AD2/ AD, and AD. in descending order of antiquity. 
AD^ Episode J 
The earliest deformative imprints recorded from the rocks 
of the Debari, Udaipur, Bari Lake and Kankroli groups have been 
included in the M)^ episode of the Aravalli Tectonic System. 
The imprints of the later deformative episodes have by and 
large, erased and modified the original definitions of fold 
attitudes and orientation of the axial fabric. However, in 
the Kankroli area the Aravalli rocks have preserved the AD-
fabrics. 
The AF. folds are generally seen on mesoscopic scale and 
occur as rootless, disjunctive elements. These are tight to 
isoclinal having longer limbs and shorter hinges and show low 
wave length, high amplitude. 
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ADj Episode t 
It is the roost pervasive and penetrative deformation of 
the Aravalli Tectonic System. ADj was the most catastrophic 
episode during which the acme of deformation and metamorphism 
was achieved and major architecture of the Aravallis was evolved. 
The trends developed during this episode set the pattern for 
subsequent deformation in the Aravalli belt. It represents the 
first deformation of the Jharol and coeval groups and is over-
printed on the older sequences of the Debari, Udaipur, Barl 
Lake, Kankroli, Nathdwara and Dovda groups. It possibly also 
activated the marginal parts of the craton. 
The AFj folds are present on mesoscopic and macroscopic 
scale. These are open to tight, moderately plunging and steeply 
inclined and at places become isoclinal. 
AD, Episode j 
The earliest deformation seen in the rocks of the Lunavada 
Group has been assigned to AD^ episode. The deformative imprints 
of this episode over the older rocks of the Aravalli Supergroup 
are difficult to distinguish from the earlier structures. 
However, the unconformity at the base of the Lunavada Group 
is post-tectonic to AD^ episode which is manifested by the 
angular discordance between AS2 and the bedding of the Lunavada 
rocks (Iqbaluddin, in press). 
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AF^ folds are present on mesoscopic scale. These are 
cylindrical plane folds with rectilinear hinges. Geometrically-/ 
these are gently plunging and gently inclined to reclined folds. 
AD. Episode s 
The youngest deformative event of the Aravalli Geological 
Cycle showing WNW-BSE structural trend in the rocks of the 
Chanpaner and Lunavada groups has been recognised as AD. 
deformative episode. However, the position of the AD. in the 
Aravalli sequence is tentative in absence of reliable geochrono-
logical data. The imprint of the AD. is not seen in Godhra 
granite which has been dated as 950 Ma. The AD. deformation 
has controlled the geometiry of the major folds of Lunavada and 
Champaner groups. 
The AF. folds are present on mesoscopic and macroscopic 
scale in the southern part of the Aravalli region. These are 
cylindrical/ plane folds with rectilinear hinges. 
The structural elements occurring in the Debari Group 
of rocks in Umra Sector have been assigned to AD. and AD 
deformative episodes of the Aravalli Tectonic System (see 
Anon, 1981). 
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MAGMATISM : 
Heron (1935) recognised three major granitic episodes in 
the Precambrian terrain of Rajasthan namely, Bundelkhand gneiss 
(a normal granite, renamed as the Berach granite by Pascoe, 
1950), aplo-granite and gneiss around Udaipur and Erinpura 
granite. He had correlated them with the Pre-Aravalli, Post-
Aravalli and Post-Delhi intrusive activities respectively. The 
granites which were assigned as Post-Aravalli by Heron (1953) 
have been found to be of diverse ages as revealed by geological 
and geochronological studies by later workers (see Naha and 
Halyburton, 1974). Some of the basement granites of Heron (1935) 
are now being considered as migmatised portions of the Railo-
Aravalli metasediments (Crookshank, 1948; Naha and Halyburton, 
1974), whereas some other granites, supposed to be younger 
intrusive, have been invoked to be older (Choudhary et al., 
1981). Remobilisation of basement granites has also been 
invoked in order to explain some apparent anomalies regarding 
the field relationship observed between the meta-sedimentary 
units and the granites (Poddar, 1965; Roy et al., 1980; Naha 
and Roy, 1983). Pre-Aravalli age of Ahar river granite was 
first hinted by Roy and Paliwal (1981) purely on sedimentolo-
gical grounds. Roy et al. (1985) has suggested the stratlgraphic 
position of Ahar river granite as Pre-Aravalli. They consider 
it a basement rock on the basis of post-crystalline deformation 
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of constituents grains of granites, specially quartz and 
feldspar, and the granite cover contacts, marked by ductile 
shear zone developed during the earliest deformation of Aravalli 
rocks. Anon (1981) have assigned the Ahar river granite as 
synorogenic and dated as 2275 Ma. 
Iqbaluddin and Bhattacharya (1971) have recorded the 
andesitic flows, volcanic elastics and carbonatites from the 
basal sequence of the Debari Group which has been assigned to 
Delwara Formation. A younger sequence of volcanics has been 
recorded from the Bari Lake which occur at higher tectonic 
level than the Delwara volcanics. The ultrabasic intrusives 
occur in the Aravalli rocks in the Kherwara Dungarpur tract 
and have been assigned to Rakhabdev ultramafic suite (Anon, 
1981) . 
The obducted portion of the oceanic crust occurring as 
xenoliths of hornblendite have been recorded from the Salunibar 
granite which is equivalent to the Ahar river granite of Udaipur 
area (Ali, 1986). 
GEOCHRONOLOGY J 
In recent years several attempts have been made to 
determine the absolute ages of some of the Aravalli rocks by 
Rb, Sr and Pb and K/Ar radiometric dating (see Sarkar et al., 
1964 a, 1964 b; Vinogradov et al., 1964; Naha et al., 1967; 
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Sarkar and Miller, 1969; Crawford, 1969, 1970, 1975; Mishra 
and Sharma, 1975; Raja Rao, 1976; Sarkar, 1980;Choudhary et al., 
1981; Anon, 1981). 
The base of the Aravalli has been placed at 2500 Ma 
corresponding to Proterozoic-I. The Gurali Formation overlies 
the Eparchean-Unconformity in the Aravalli region (Anon, 1981). 
The upper age limit of the Aravallis has been placed as 2000 Ma 
based on the date of Salurabar and Ahar river granites which 
have been dated as 1890 + 130. The age of orogenic phase of 
the Aravalli Supergroup has been placed around 2000 Ma based 
on the Rb/Sr dates of the Delwara volcanics and migmatites 
(see Crawford, 1970). 
CHAPTER-II 
STRATIGRAPHY AND LITHOLOGY 
GENERAL STATEMENT : 
The sequence which crop out in Udaipur and adjacent 
districts of Dungarpur and Banswara in Rajasthan comprise 
a thick pile of metasediments with stratified clastogenic 
and organogenic rock assemblages and some associated igneous 
rocks, resting over the rocks of Bhilwara Supergroup with a 
first order unconformity, exhibiting polyphase deformation 
and regional metamorphism corresponding to the green schist 
facies has been assigned to the Aravalli Supergroup, ranging 
in time span from 2500 Ma to 2000 Ma (see Anon, 1981). 
It comprises phyllite, mica schist, garnetiferous 
biotite schist, metagraywacke, meta-subgraywacke, meta-
semipelite, meta-siltstone, quartzite, protoquartzite, meta-
conglomerate, meta-arkose, basic meta-volcanics, pyroclastics, 
dolomite, dolomitic marble, phosphatic and sulphide bearing 
dolomite, phosphatic chert, carbonaceous and manganiferous 
phyllite, calc-silicate rocks, calc-schist, hornblende schist, 
amphibole schist, serpentinite, amphibolite, gneisses, 
migmatites and intrusive granites. 
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The stratigraphic nomenclature and classification of 
Aravalli Supergroup proposed by Geological Survey of India (Anon, 
1981) has been adopted in the present study. On the basis 
of lithostratigraphic association, structural and metamorphic 
history and tectono-environmental setting, the supergroup 
has been subdivided into groups and formations. 
The clastogenic, chemogenic and organogenic coastal 
and shelf sediments of the Aravalli Supergroup for the 
purpose of description have been separated into Debari, 
Jaisamand, Ghatol, Sarada and Umra sectors based on 
tectono-environmental setting of the area (Pig. 4). The 
study area of the present investigation is restricted to 
the Urara Sector of Udaipur District. 
Table-Ili represents the relationship of superposition 
of the formational units of the Aravalli Supergroup. 
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T a b l e - I l l I F o r m a t i o n a l U n i t s of A r a v a l l i S u p e r g r o u n . 
( A f t e r Anon,J<581) 
CHAMPANtk 
GROUP 
R a j g a r h F o r m a t i o n 
S h l v r a j p u r F o r m a t i o n 
J a b a n F o r m a t i o n 
N a r u k o t F o r m a t i o n 
K h a n d i a F o r m a t i o n 
Lambia F o r m a t i o n 
LUNA^ADA 
GROUP 
o 
a 
Kadana Formation 
Bhukia Formation 
Chandanwara Formation 
Bhawar.pura Formation 
Wagldoxa Formation 
Kallnjera Formation 
SYNOROGENIC GRANITE AND GNEISS (c. 2275 m.y.) 
RAKHABDEV ULTRAN'AFIC SI ITE 
> 
< 
a: JHAROL GROUP 
Srfrri,iu Formation 
Gcran Formation 
DOVDA GROUP 
Devt'iari Formation 
Depti tormation 
NATHDWARA GROUP 
Rama Formation 
Haldiqhati Formation 
Kadm;il Formation 
Knaiiipor Formation 
BASI LA<i ' Varle Formation 
3R0I F baianjarh Formation 
jDAIt-t-
GROUP 
UDAlPi.-< SECTOR 
baniwara Formation 
Nimachmata S-'ormation 
Balicha Forr.ation 
Eklinggarh Formation 
Sabina Formation 
SARDA SF,CTOR 
Zawac Formation 
Baroimagra Formation 
Mandll Formation 
KA!«ROLI GROUP 
Sanga t F o r T a r i o n 
P u t n a 1 Fo I 'i A 11 o n 
Ra jnaga r F o r n a t i o n 
• 'orchana For-if l t ion 
Madra T o r m a t i o n 
I 
DEBARl 
GROUP 
OEBARI SECTOR 
Jharaarkotra Formation 
Beirwas Formation 
Jaisamand Formation 
Delwara Formation 
Gurali Formation 
JAISAKAND SECTOR 
Babarmal Formation 
Dakankotra Formation 
GHATOL SECTOR 
Jagpura Formation 
Mukandpura Formation 
SARDA SECTOR 
Kathalia Formati' 
Jaisamand Formation 
Delwara Formation 
Jaisamand Formation 
Delwara Formation 
Gurali Formation 
Sismogra Formati'-
Natharia-Ki-Pai 
Formatic 
Basal Formation 
7A' 
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-23^ 
AMPANER GROUP 
NAWADA G R 0 U P 2 ^ 
ATHDWARA GROUP 
OVDA GROUP 
^AROL GROUP 
KANKROLI GROUP 
BARI LAKE GROUP 
UDAIPUR GROUP 
DEBARI GROUP 
ti-
HATOL 
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20 KM 
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FIG.4. LITHOSTRATIGRAPHIC MAP OF ARAVALLI REGION 
M" 75" 
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DEBARI GROUP : 
Clastogenic, chemogenic and organogenic, coastal and 
shelf sediments, deposited marginal to Mangalwar, Sarada and 
Mando-ki-Pal cratonic masses with first order erosional 
unconformity together with associated synsedimentational 
shoreline spilitic basic volcanics (corresponding to early 
depositional and volcanic episodes o£ geosynclinal phase of 
the Aravalli Geological Cycle) nave been included in the 
Debari Group. It comprises a sequence of petromict meta-
conglomerate, meta-arkose, quartzite, phyllite, mica~schist, 
calcareous quartzite, dolomitic limestone, dolomite, calcite 
marble, ferruginous chert, algal phosphatic dolomite and 
chert, carbonaceous and manganiferous phyllites and basic 
meta-volcanics with associated pyroclastics. The entire 
sequence has undergone polyphase deformation and regional 
metamorphism corresponding to green schist facies. 
On the basis of the spatial disposition of the shoreline 
and the continuity of the various lithologic units, the litho-
stratigraphy of the Debari Group has been worked out in the 
area. Considering internal lithologic homogeneity, mappability 
and nature of spread of typical lithologic association, Gurali, 
Delwara, Jaisamand, Berwas and Jhamarkotra formations have 
been recognised in the Debari Group in ascending order of 
superposition, in the type area (see Anon, 1981), 
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Umra Sector : 
The rocks of the basal sequence of the Debari Group 
occurs as two hogback ridges near Debari and Jaisamand. The 
area intervening between these hogback ridges around Umra 
represents a sheltered, dominantly chemogenic and biogenic 
sedimentation in an Aravalli embayment where euxenic and 
upwelling environment co-existed along an oxidation-reduction 
fence. The sediments which were deposited in this embayment 
have been stratigraphically separated as Maton Subgroup (see 
Anon, 1981). The spatial spread of the basal Aravalli rocks 
of Maton Subgroup which exhibit distinct lithological and 
sedimentological parameters (than the arkose-meta-conglomerate 
association of Jaisamand Formation) has been included in Umra 
Sector for the purpose of description. 
Maton Subgroup ; 
In the Umra Sector the predominantly chemogenic and 
organogenic assemblage of chert, dolomite and phosphatic 
stromatolitic dolomite together with carbonaceous sediments 
has been included in the Maton Subgroup. The rocks of the 
Maton Subgroup represent euxenic condition of deposition in 
restricted basin, developed along the shoreline in the 
transitional extremity between the carbonate shelf interior 
and the deeper part of the basin. 
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In the Umra Sector, the rocks belonging to the Debar! 
Group have been subdivided into Umra/ Delwara, Jaisamand, 
Berwas/Dakankotra formations. The Umra Formation has been 
established by the author during the course of present study 
and is co-eval to the Gurali Formation of the type area in the 
Debari Sector. Besides, Sabina Formation of Udaipur Group 
is also exposed in the area (see Anon, 1981). The stratigraphic 
sequence of the study area is presented in Table-IV. 
Table-IV L i t h o s t r a t i g r a p h i c Succession of Debari and 
Udaipur Group in Umra Sector . 
Rank Dominant Lithology 
Intrusxve 
Post-Aravalli s Quartz-vein 
Post-tectonics Aplo-granite 
(0 l-( O 
to PiO 
Sabina 
Formation 
P h y l l i t e , meta-graywacke,manganiferous 
p h y l l i t e , pebbly meta-conglomerate 
i 
Dakankotra 
Formation 
Berwas 
Formation 
Jaisamand 
Formation 
De Iwa r a 
Formation 
Umra 
Formation 
Mangalwar 
Corrplex 
Stromatolitic and phosphatic dolomite, 
quartzite, phyllite and schist 
Phyllite, carbonaceous phyllite, 
dolomite and quartzite 
Petromict meta-conglomerate, pebbly 
to coarse grained feldspathic 
quartzite, quartz-arenite 
Chlorite phyllite, chlorite 
actinolite schist 
Carbon phyllite, locally pyretiferous 
and uraniferous with intercalations 
of calcareous quartzite 
Unconformity 
Granite gneisses 
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Litho-Stratigraphy of the Area : 
A detailed account of the stratigraphy and lithology of 
the various lithounits belonging to Delwara, Jaisamand, Berwas/ 
Dakankotra formations of Debari Group and Sabina Formation of 
Udaipur Group (Fig. 5) exposed in the study area has been given 
in this chapter. Six lithofacies (A/ B, C, D, E & F) of the 
Jaisamand,Berwas and Dakankotra formations, have also been 
distinguished and described in detail (Fig. 6 ) . The lithology 
of different rock units of Umra Sector and their mutual 
stratigraphic relationship are described as follows :-
Umra Formation : 
The carbon phyllite sequence developed at the base of 
Delwara Formation and exhibiting discordant relationship with 
the rocks of the Delwara, Jaisamand and Berwas formations of 
the Debari Group in the Umra Sector has been designated as 
Umra Formation. In the lithostratigraphic sequence the Umra 
Formation is coeval to the Gurali Formation of the type area 
of Debari Group in Debari Sector. 
The type section of Umra Formation is exposed in the 
Umra mines of the Atomic Energy Commission, where the rocks 
of formation are exposed in the mine face. In the type section 
a 20 m thick sequence of the phyllites is exposed. The phyllites 
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are grey to black in colour with stringers, streaks and pockets 
of uranium oxides, which occur as leached yellow coatings in 
the phyllites. The concentration of the uranium appears to be 
along the bedding foliation (AS^ = ASj^). Bedding is well 
preserved in the phyllites in the Umra mine area and is defined 
by colour banding of carbonaceous and ash grey lamellae. The 
unit of stratification varies from less than 1 mm to over 2 mm. 
The beds are characterised by uniformity of thickness and 
lateral persistence. Locally the phyllites are pyretiferous. 
The pyrite occurs as small cubes isotropically distributed 
within the phyllites. In weathered outcrops the pyrite has 
been oxidised and gives rusty coatings along the foliation 
planes. 
South of Umra towards the base of the formation, lenses 
of quartzite with calcareous cement have been obseirved. The 
quartzite occurs as impersistent lenses with low outcrop 
density, resting over the granite-gneiss of the Mangalwar 
Complex. The quartzite is unimodal with well rounded clasts 
of quartz which have been deformed into elliptical shapes in 
conformity with the regional strain pattern in the area. The 
quartz grains exhibit sutured and tangential contacts, 
intergranular spaces are filled with calcareous cement. The 
individual beds being small and impersistent have been mapped 
together with the phyllite as Umra Formation. 
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QUARTZITE 
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FIG.6 LITHOFACIES MAP OF UMRA SECTOR UOAIPUR DISTRICT (RAJASTHAN) 
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Delwara Formation : 
The dominantly volcanic association of synsedimentary 
spllltlc basic meta-volcanlcs flows of variable thickness 
together with Intercalatory bands of pyroclastlcs, volcano-
eplclastlc and eplclastlc rocks exposed in the vicinity of 
Delwara village, north of Udalpur have been assigned to Delwara 
Formation (Mathur et al., in press). This volcano-sedimentary 
suite of rocks is exposed along the base of the Debarl Group 
with spectacular development along palaeovolcanic centres of 
Delwara, Umra, Berach, Matata, Plpalwas, Nagrla, Phulad, 
Angini, Siri and Parsola area of Udalpur District. 
In the study area the rocks of the Delwara Formation 
are exposed on the eastern slope of the Jaisamand ridge, west 
of Umra as a thin band extending over a length of 2.5 km. The 
primary textures and structures of the palaeovolcanics have 
been erased by superposed deformation and metamorphism in the 
area. Lithologically the rocks of the Delwara Formation comprise 
chlorite-actinolite schist and chlorite phyllite. The actinolite 
schist occurs towards the base of the formation and phyllites 
are predominant towards the top of the formational unit in the 
Umra area. Repetition of lithology and Impersiatent nature of 
the outcrop restrict separate mappability of the llthounlt, 
for the purpose of mapping the phyllites and schist have been 
mapped together as single lithounit. The lithologlcal details 
of the phyllite and chlorite-actinolite schist have been 
described below s-
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Chlorite-Actinolite Schist : 
West of Umra the chlorite-actinolite schist is exposed 
as discontinuous outcrop occurring in patches along the strike 
of the foliation following N20°E - S20°W structural trend of 
the regional foliation. The schist is greenish to subdued green 
in colour comprising chlorite, actinolite, biotite and quartz. 
The sheet minerals chlorite and actinolite are the dominant 
constituents and appears to have been derived from the volcanic 
parentage. These occur along the foliation plane and define the 
fissility in the rock whicn is generally puckered. Biotite 
occurs along the hinge zone of the puckers and exhibit angular 
relationship with the foliation. The quartz grains are rounded 
and generally unstrained. The quartz appear to be secondary, 
introduced in the metasediments. The rock shows colour banding 
manifested as alternations of chlorite and quartz rich lamellae. 
The bedding is manifested as 1-2 mm thick laminations in shades 
of grey and green. 
Phyllite s 
The phyllite occurs as thin and finely laminated bands in 
close association with the actinolite-chlorite schist. The unit 
becomes dominant towards tne top of the sequence where the 
Delwara Formation is overlain by the Jaisamand Formation of 
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the Debari Groap. The phyllites are dark grey in colour, in 
weathered outcrop these are buff colour due to leaching and 
alteration of chlorite. The phyllite comprise dominantly 
chlorite, sericite and very fine grained quartz. The content 
of quartz progressively increases towards the upper part of 
the sequence near the contact with the Jaisamand Formation. 
The sheet minerals exhibit preferred orientation parallel to 
the foliation. Locally the foliation cuts the bedding at acute 
angles. At places the sheen in the rock is not prominently 
seen, the foliation planes are dull and the rock approximates 
slate. 
Jaisamand Formation : 
The rocks of Jaisamand Formation exposed in the area 
form two prominent ridges which constitute the abutments of 
Udaisagar in the east and Jaisamand reservoir in the west. 
The continuity of the rocks of Jaisamand Formation in the 
eastern ridge has been traced from Udaisagar in the north 
to Damdhar village in the south. The western ridge exposes 
excellent sections of Jaisamand Formation between Kharwaria 
and Ambua, whence from the rocks are continuously traceable 
up to the type section at Jaisamand (see Ali, 1986). The most 
instructive section of the Jaisamand Formation has been observed 
along the railway cutting north of Umra railway station. 
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Nomenclature of Jaisamand Formation : 
Iqbaluddin and Mathur (1966) originally proposed the 
term Debari Formation to describe basal Aravalli sequence 
comprising petromict conglomerate, meta-arkose and quartzite. 
Heron (1953) correlated these rocks (of Debari Formation) with 
the Alwar Series of Delhi System purely on lithological basis 
and postulated thrust to explain the presence of Delhi rocks 
within the Aravallis as tectonic outliers. Mathur (1965) found 
Heron's correlation inconsistent with the field observations 
and considered these rocks to be the part of Aravalli System. 
Later Mathur et al .(inpress) recognised Gurali and Delwara 
formations underlying the Debari Formation which were included 
into the Debari Group. To avoid the duplication of the 
geographic name, the Debari Formation has been redesignated 
as Jaisamand Formation on the basis of distinctly correlatable 
rock units exposed on the western bank of the Jaisamand lake 
(see Anon, 1981) . 
Lithology of Jaisamand Formation in Umra Sector : 
It conprise interstratifled sequence of clast supported 
conglomerate, feldspathic quartzite, quartz-arenite and pebbly 
quartz-arenite. Jaisamand Formation conformably overlies the 
Delwara Formation and underlies the Berwas/Dakankotra formations 
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in the Umra Sector. The formation exhibits distinct facies 
variations which are more pronounced across the strike. Three 
facies have been distinguished in the shelf sediments of 
Jaisamand Formation, which have been mapped and described as 
facies. A, B and C in the present area. The conglomerate 
sandstone association constitutes the bulk lithology of the 
formation in t-.e area. The rocks show high outcrop density 
and being resizant to erosion define the structural architecture 
of the area. The lithological characters of the various litho-
units of the formation are described as follows j-
(a) Petromict Conglomerate : 
The petromict conglomerate is the most conspicuous 
lithounit in tne rocks of Jaisamand Formation mapped along 
the ridges to rhe east and west of Umra. The conglomerate beds 
occur as persistent beds varying in thickness from less than a 
meter to over one meter. Individual beds are traceable up to 
25 meters to 30 meters along strike. The conglomerate exhibit 
facies change and interfingering relationship with the 
associated petcly quartzite, feldspathic quartzlte and quartz-
arenite beds. The changes in lithology are expressed as textural 
in mineralogical variation in the population of clastogenes. 
The lenticularity index varies from 0.014 to 0.6 and the 
phenoclast segregation factor varies from 10 to 45 (Fig. 15). 
43 
The congloiT>erate and quartzite exhibit intimate field 
relationship and grades into each other by variation in the 
percentage of the phenoclast. The mineralogenic population 
remains more or less same. The conglomerate has framework 
pebble to cobble. The a, b and c axes varies from 2 cm to 
25 cm, 1 cm to 12 cm and 0.4 cm to 6 cm respectively (see 
Annexure-l), The phenoclast in the size range of 2 cm to 
10 cm are by far most conspicuous. Sorting is fair and 
roundness is good. Sphericity varies from 0.5 to 0.7 (Pig. 16) 
The chief framework constituent of conglomerate include 
grey quartzite, sericite quartzite, quartz-feldspar gneiss, 
mica-schist and vein-quartz. A few pebbles of tourmaline also 
present. The quartzite pebbles are by far the most dominant 
in the rock. They comprise 60% to 65% of the phenoclast 
population. Vein-quartz are next in abundance (5% to 10%). 
The matrix of the conglomerate is unimodal, coarse 
grained and gritty in texture comprising quartz, feldspar 
and sericite. The feldspar are relatively fresh, buff and 
greenish in colour. The quartz grains are white to cream in 
colour translucent to opaque. Tourmaline occurs as broken 
prisms and common accessory. Magnetite are isotropically 
distributed throughout the rock. Sericite flakes are aligned 
parallel to foliation (AS = ASi). The quartz grains in the 
matrix exhibit higher rate of strain than accompanying pheno-
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c l a s t s , the grains are deformed and exh ib i t t angen t ia l and 
sutured contac ts . 
Besides the AS, f o l i a t i o n , the conglomerate exh ib i t 
pebble l inea t ion which i s exhibited as prefer red arrangement 
of a and b axes in the conglomerate. The b-ax is l i n e a t i o n 
exh ib i t para l le l i sm with the s t r ike of the planar t e c ton i c 
an iso t ropy . The a-axis exh ib i t pa ra l l e l i sm with A-o.. Bedding 
i s defined by the phenoclast densi ty and grain s ize v a r i a t i o n . 
The q u a r t z i t i c layers in the conglomerate exhib i t c ro s s -
s t r a t i f i c a t i o n . The th ickness of the cross-bedded un i t va r i e s 
from 15 cm to 30 cm. Individual fo r se t s are 1 cm to 4 cm in 
t h i c k n e s s . Tie a-aixs of the trough are 15 cm to 20 cm in 
length and b-axis are 10 cm to over 2 0 cm. 
(b) Feldspathic Quartzi te s 
I t occurs as 1 m to 4 m thick i n t e r c a l a t i o n s in the 
q u a r t z i t e petromict conglomerate sequence within facies-B 
of the Jaisamand Formation. The fe ldspa th ic qua r t z i t e bands 
exh ib i t d i f f e r en t i a l weathering and stand out in r e l i e f 
morphotectonically defining the local s t r u c t u r a l t rend in 
the hogback ridges to the eas t and west of Umra. The f e l d s -
pa th ic quar t z i t e i s grey in colour and occurs as bands 
charac ter i sed by uniformity of thickness and l a t e r a l pe r s i s t ence 
45 
The feldspathic quartzite comprise grains of quartz, 
feldspar, muscovite and biotite. The grain size varies from 
1 mm to 2 mm and the clast are slightly deformed. The quartz 
grains are subrounded and translucent to opaque. The feldspar 
are pink to buff in colour. The pink feldspar are porphyroblastic 
in nature and vary in size from 2 mm to 4 mm. The buff coloured 
feldspar are clastic and occur in juxtaposition with quartz. 
The sericite and biotite occupy interstitial spaces and exhibit 
preferred orientation along foliation (AS = AS^^). Magnetite 
is a common accessory. Locally, the feldspathic quartzite has 
phenoclast of grey quartzite and vein-quartz which occur as 
leg gravel in the sediments along planes of stratification. 
The bedding is well developed defined by colour, 
composition and grain size variation. The unit of stratification 
varies from 1 cm to 15 cm. Locally, cross-stratification of 
trough and planar type are seen within the feldspathic quartzite. 
(c) Quartz-Arenite s 
Quartz-arenite occurs as rectilinear hogback ridges east 
of Udaisagar and west of Umra and exhibit high outcrop density. 
It occurs in close association with feldspathic quartzite and 
petromict conglomerate. It characterise the facies (C). Locally, 
quartz-arenite occurs as isolated ridges due to differential 
erosion. 
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The framework of qua r t z - a r en i t e i s i n t a c t . The quar tz 
gra ins are equant and exh ib i t c las togenic t e x t u r e . The mineral 
g ra ins are generally deformed and have l o s t t h e i r c l a s t i c 
ou t l i ne due to superimposed s t r a i n . Quartz-areni te i s pebbly 
in matrix supported conglomerate of facies-A and c l a s t supported 
conglomerate of f ac i e s -B . The pebbles which range in length 
from 2 cm 10 10 cm are by far most common and exh ib i t apparent 
f l a t t e n i n g to c o n s t r i c t i o n in ^ \ b i p l a n e of s t r a i n . The shapes 
of the pebbles are genera l ly bladded and pro la te type . The 
presence of s e r i c i t e in pebbly qua r t z i t e imparts s i l v e r y grey 
colour to tne rock. Magnetite occurs as accessory. The un i t of 
s t r a t i f i c a t i o n var ies from 1 cm to 10 cm. The bed exh ib i t 
uniformity of thickness and l a t e r a l p e r s i s t e n c e . The i n t e r n a l 
organisa t ion i s manifested as planar and trough type c ross -beds . 
At p l ace s , bedding plane inhomogeneities are d i scern ib le as 
r i p p l e marks. 
Berwas Foriration j 
The Berwas Formation (see Anon, 1981) has been mapped 
in the study area from Dangion-Ki-Pacholi and Dhuni Mata in 
the north to Damdhar in the south. The formation comprises of 
an i n t e r s t r g t i f l e d sequence of c l a s t i c and chemogenic sediments 
which have indergone r e c r y s t a l l i z a t i o n in response to polyphase 
metamorphisTi and superposed s t r a i n . The rocks comprise p h y l l i t e s . 
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manganiferous phyllite, carbonaceous phyllite, pyritiferous 
phyllite, ferruginous dolomite and calcareous quartzite. The 
order of superposition as established in the study area has 
been presented in Table-V. * 
Table-V s The order of superposition of Berwas Formation 
Rank Thickness 
Quartzite and calcareous quartzite 200 m 
Dolomite and cherty quartzite 120 m 
Carbonaceous phyllite 480 m 
Phyllite with bands of quartzite 800 m 
and manganiferous phyllite 
Phyllite with Interbands of Quartzite s 
The phyllites which succeed the meta-arkose of 
Jaisamand Formation have been included as the basal member 
of the Berwas Formation. The phyllites are finely laminated 
comprising predominantly of quartz and sericite. These have 
interbands of quartzite which are fine-grained, thinly bedded 
occurring as 1 m to 1.5 m bands, traceable up to 500 m to 
600 m along the strike. These beds are characterised by 
uniformity of thickness and lateral persistence, the unit 
of stratification varies from 5 cm to 10 cm. The beds 
apparently lack any internal organisation. 
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The phyllite exhibit pinching of the outcrop towards the 
southern end of the area. Toward the top of sequence the 
phyllite becomes manganiferous and fine grained thinly 
laminated. The quartzite beds which occur as interbands 
towards the subface of the sequence decrease in frequency 
towards the top of the unit, near the contact with the 
carbonaceous phyllite, the sequence represents local development 
of chemogenic environment with manganese occurring as component 
of finer silici-clastics in the Berwas Formation. 
Carbonaceous Phyllite s 
Carbonaceous phyllite succeed the phyllite sequence of 
the Berwas Formation. The oxidizing fence of the phyllite 
(represented by manganiferous bands) changed to restricted 
euxenic environment in the Umra Sector. Carbonaceous sediments 
which are locally garnetiferous were deposited over the finer 
silici-clastic sequence of the Berwas Formation. During the 
deposition of the carbonaceous sediments, the basin was starved 
and carbonaceous mud was deposited in low energy environment, 
at places pyrite was deposited in the carbonaceous mud. The 
stratification is occasionally seen as fine laminations. The 
carbonaceous sediments due to recrystallizatlon have developed 
into carbonaceous phyllite. The phyllite occasionally exhibit 
well developed fissility defined by the preferred orientation 
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of the sericite flakes. Bedding is discernible as colour 
banding in shades of grey. The beds are characterised by 
lateral persistance and uniformity of thickness. 
Dolomite and Cherty Quartzite : 
The carbonaceous phyllite sequence of Berwas Formation 
is succeeded by an interstratified sequence of dolomite, cherty 
dolomite and cherty quartzite. The sequence has been traced as 
a persistent marker horizon from north of Bhyon-Ki-Pacholi to 
Daradhar. It defines the structural architecture of the Umra 
Sector. The dolomite is greyish white to dirty white in colour, 
medium to coarse grained, recrystallization has generally 
obliterated primary stratification. However, at places it is 
discernible due to compositional changes between dolomite and 
cherty quartzite bands. The separation of Berwas Formation with 
the adjacent chemogenic sequence of Dakankotra Formation is 
based on absence of bioturbation in the Berwas sequence which 
is characteristically developed in the rocks of Dakankotra 
Formation. The dolomite is intimately associated with bedded 
chert which has been recrystallized to cherty quartzite. 
The quartzite occurs as isolated hills north of Bhyon-Ki-
Pacholi forming hogbacks. Quartzite is buff to dirty white in 
colour, well bedded unimodal fine grained and breaks with 
splintery fractures. The outcrops are cragy with sharp edges. 
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Occasionally* the dolomite is cherty and siliceous. The silica 
has recrystallized as veins and stringers in the dolomite which 
in weathered outcrop stand out in relief giving rise to rough 
surface. 
Quartzite and Calcareous Quartzite s 
Quartzite occurs as persistent band from north of Bhyon-
Ki-Pacholi to south-west of Lakarwas where it has been folded 
into north-east, south-west trending antiforms and synforms. 
The quartzite is greyish white, medium grained at places, 
calcite occur as cementing material and the quartzite appears 
to be calcareous quartzite e.g. south-west of Lakarwas. Sweat-
in-type veins of quartz and calcite occur as fracture fillings 
in the quartzite. Bedding at places is discernible as alterna-
tions of dark grey to black colour bands. Locally, contorted 
laminations and convolute bedding has been observed west of 
Lakarwas. Cross-bedding is developed in the quartzite which 
is generally of the trough type. 
The quartzite of the Berwas Formation abuts against the 
dolomites, phosphatic dolomite, quartzite, schist and phyllites 
of the Dakankotra Formation in the area west of Lakarwas. The 
superface of the Berwas quartzite in the Umra Sector possibly 
represent a facies fence between bioturbated sequence of 
Dakankotra Formation and low energy sequence of Berwas 
Formation. 
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Dakankotra Formation : 
In the umra Sector, Mathur et al. (in press) have 
identified the Dakankotra Formation which is considered 
equivalent to the Jhamarkotra Formation of the type area 
of the Debari Group. This formation is well exposed in the 
Kanpur, Maton and Umra villages and is traceable further 
south up to Jambora in the Jaisamand sector. It comprises 
algal dolomite, dolomite, phyllite schist and quartzite 
showing interfingering relationship due to lateral facies 
» 
change. The entire sequence has undergone polyphase deformation. 
Dolomite : 
The dolomite occurring near Maton and Kanpur is 
stromatolitic and phosphatic. The rock is well bedded and 
thinly laminated. Lamination are generally wavy and are 
referrable to form genera weedia which occur as algal mats. 
Besides, the form genera Collenia, Newlandla, Conophyton and 
Cryptozon have also been recorded. The phosphorite band at 
Maton occur as a single horizon extending for 3.5 kms overlying 
the dolomite in association with brecciated chert (Fig. 7). 
The thickness varies between 0.5 meter to 20 meters. The 
phosphorite in the Maton comprises fragmental phosphatic 
stromatolite which are reworked algal mats (Santaram, 1978). 
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Besides, the phosphorite occurs as ovules and pellets which 
range between 50 to 60 micron size comprising predominantly 
of collophane. 
In Kanpur area the dolomite occurs as thick persistence 
horizon interbanded with phyllites. The dolomite is steel 
grey in colour and profusely injected by secondary vein of 
silica and calcite. The dolomite is stromatolitic. The 
stromatolites are both phosphatic and non-phosphatic varieties. 
Collenia baicalica assemblage show prolific development of 
phosphatic stromatolite with P^^s ^o^'^snt varying from 15% to 
30%. The dolomite horizon has a zone of fragmentary stromato-
lite which appears to have been derived by contemporaneous 
breakdown of phosphatic stromatolite by wave action. 
The thickness of fragmentary stromatolitic bands varies 
from 2 m to 4 m. The P^^^ content of the fragmentary horizon 
is generally high (Po^s 3°% to 35%, see Anon, 1981). Locally 
oncolite occur as 4 mm to 5 mm large isolated bodies. 
Quartzite : 
The quartzite occurs as interbands within the stromato-
litic and phosphatic dolomite in the Kanpur area. The bands of 
quartzite strike N20 E-S20 W. The quartzite is greyish-white 
in colour and medium to coarse grained and exhibit clastogenic 
texture. The rock comprises nearly 80% to 85% of quartz grains. 
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The cementing material are silica and dolomite. The stratification 
is defined by colour and composition variation. 
Phyllite j 
Phyllite occurs as thin interbands in dolomite of Dakan-
kotra Formation. It is finely laminated, dark grey to black in 
colour. It comprise sericite, chlorite and quartz, occasionally, 
the phyllite is carbonacenous near the contact with dolomite. 
Bedding is defined by fine lamination characterised by lateral 
persistence and uniformity of thickness of lamination. At 
places porphyroblast of garnet have also been found in the 
carbonaceous phyllite.The AS- foliation is the dominant plane 
of fissility in the rock and is defined by the preferred 
orientation of chlorite and sericite flakes parallel to 
foliation plane. 
Quartz-Chlorite-Sericite Schist j 
Quartz-chlorite-sericite Schist occurs as interstratifled 
bands within the Dakankotra Formation. This is subdued grey to 
greenish in colour and consist of very fine grained admixture 
of quartz, chlorite, sericite and biotite porphyroblast. Its 
outcrop are generally weathered and constitute 2 m to 5 m long 
hummocks aligned in N10°E - SlO w direction which roughly define 
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the morphotectonic expression of the regional foliation (AS^) 
south of Umra. Chlorite and sericite are dominant and exhibit 
preferred orientation parallel to regional foliation ( A S _ ) . 
UDAIPUR GROUP : 
A thick sequence of immature coarse to fine grained 
flysch like sediments with minor intercalation of chemogenic 
stratigraphy have been assigned to Udaipur Group of the 
Aravalli Supergroup (see Anon, 1981). 
The Udaipur Group represents main depositional episodes 
of the geosynclinal phase of the Aravalli Geological Cycle. 
The sedimentary sequence has undergone polyphase deformation 
and regional metamorphism varying from green schist to lower 
amphibolite facies. Lithologically, the sequence comprise 
phyllite, graded bedded meta-graywacke, mica-schist felds-
pathised to various degrees with intercalatory bands of 
graywacke, pebble meta-conglomerate, quartzite, dolomite, 
gritty dolomite, dolomitic marble, aligomict meta-conglomerate, 
phosphatic stromatolite bearing dolomite, carbonaceous mangani-
ferous and ferruginous phyllite, chert and amphibole schist. 
On the basis of lithological homogeneity, strike 
continuity, mappability and deformational patterns, the group 
have been divided into Sabina, Balicha, Eklingarh, Nimachmata, 
Banswara, Mandli, Baroi Magra and Zawar formations. 
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Sablna Formation : 
Sabina Formation of Udaipur Group, the only formation 
which occur in the study area. The type section of the 
formation is exposed along the Udaipur-Salumbar road between 
Udaipur City and Sabina villaae whence from the formation 
derives its name. Mathur (1965), Poddar and Mathur (1965) 
recorded the type section from 1 km south of Udaipur City 
railway station. Lithologically, the formation comprise an 
interstratifled and repetitious sequence of graywacke, slate 
and phyllite. The graywackes are graded bedded and exhibit 
fining upward cycles. The Sabina Formation conformably overlies 
the Dakankotra Formation of Debari Group in the study area. 
In Umra Sector Sabina Formation comprises a sequence of 
phyllite, meta-graywacke, pebbly meta-conglotnerate. It extend 
in the area from Berwas village to the west of Umra railway 
station. This formation shows rhythmic alternation with phyllite 
to the east of Udaipur City in the area. The graywacke conunonly 
exhibit graded bedding and range in composition from feldspathic 
to lithic types. Some of the coarser varieties of graywacke are 
pebbly. Several isolated lenses of pebbly phyllite occur within 
the outcrop of graywacke phyllite. The pebbles are mostly of 
quartzite and vein-quartz. Pebble show disrupted framework in 
the phyllite matrix. Phyllite exhibit development of foliation 
defined by preferred orientation of chlorite and sericite flakes, 
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PRE-ARAVALLI GRANITE i 
Pre-Aravalli granite occurs as basement to the south and 
southeast of Umra. The most important outcrop of the rock is 
found near Bagdara talav and Damdhar village where it is 
porphyritic. This granite is grey to dark grey in colour, 
medium grain and composed of quartz, orthoclase, oligoclase, 
sericite and biotite. It exhibits certain amount of variation 
in texture and has a tendency for the development of distinctly 
foliated arrangement of its constituents. 
POST-TECTONIC APLO-GRANITE : 
Along northern and northeastern side of UcJaipur- City, 
granite occur as vein, tongues of white quartz-feldspar granite 
(aplo-granite) in phyllites and biotite schist. The aplo-granite 
is light grey to greyish white in colour, devoid of ferro-
magnesians, medium-grained with sugary texture, comprises 
mainly quartz and feldspar. Quartz is equant, medium-grained 
and interlocked with feldspar. The rock is devoid of any 
imprint of tectonic anisotropy except some tensional joints. 
Its cross-cutting relationship with the country rock and the 
absence of planar tectonic anisotropy (AS2) suggest that it 
was post-tectonic to the orogenic phase of the Aravalli 
Geological Cycle (see Ali, 1986). 
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POST-ARAVALLI QUARTZ-VEIN i 
Quartz-veins are general ly aligned p a r a l l e l to the 
regional s t r i k e of the enclosing rock and a l so follow along 
f rac tures and j o i n t s . They vary in th ickness from a few 
centimeter to 50 cm and from 15 cm to 10 meters in l eng th . 
Being small and impers i s ten t , these veins could not be shown 
on the map. Temporal r e l a t i o n s h i p of these vein has not been 
s tudied. By and l a rge , they are Pos t -Arava l l i in age. 
Lithofacies : 
The Jaisamand, Berwas and Dakankotra formation of Debari 
Group in Umra Sector have been delineated into six lithofacies 
based on their lithological association, textural and mineralo-
gical homogeneity for the purpose of description. These have 
been designated as facies A, B, C, D, E and F. Figure-6 
represents their spatial distribution and mutual relationship. 
Facies-A (Matrix supported Petromict Conglomerate with 
Feldspathic Quartzite and Quartz-Arenite) j 
This facies, prominently developed east and west of Umra, 
has been traced continuously from Damdhar village in the south 
to Udaisagar lake in the north on the eastern side whereas on 
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the western side it extends from ^ 725 in the south to 
Kalarwas in the north. This facies acquires a thickness of 
390 m to the east of Lakarwas village and its thickness 
progressively increases towards southeast of Umra near Damdhar 
where it attains thickness of about 650 m. The phenoclast are 
dominantly prolate in shape and their sphericity varies from 
0.4 to 0.7. The phenoclast in the rock vary from 40% to 60% 
and they are set in a coarse-grained matrix of quartz, feldspar 
and sericite. The bedding in the conglomerate is well preseirved 
and the stratification varies from 2 cm to 50 cm. The rock is 
apparently devoid of internal organisation at places, crudely 
defined bedding plane is discernible. 
Quartz-arenite and feldspathic quartzite occur as 
intercalations in the facies-A and exhibit well preserved 
stratification. They are characterised by lateral persistence 
and uniformity of thickness. The unit of stratification varies 
from 25 cm to 50 cm. Locally, the beds exhibit internal 
organisations manifested as planar type cross-beds. Bedding 
plane inhomogeneities in the form of oscillation ripple marks 
have also been recorded from this lithofacies. The sedimeritary 
log of this facies is given in Figure-8. 
Facies-B (Clast supported conglomerate with Feldspathic 
Quartzite, Quartz-Arenite and Pebbly Quartzite) : 
This facies dominantly comprises clast supported petromict 
conglomerate with intercalations of feldspathic quartzite. 
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quartz-arenite and pebbly quartzite. The most important section 
of this facies is found along the Kanpur-Lakarwas road. The 
total thickness of this facies is 750 meters in Umra area. 
Its thickness progressively increases towards the Damdhar 
village. The sedimentary log of facies-B is given in Figure-9. 
The contact between facies-A and facies-B appears to be 
gradational. The framework composition of clast supported 
conglomerate is similar to that of matrix supported conglomerate. 
The phenoclast comprises mainly quartzite and quartz-vein. The 
length of phenoclasts varies from 2 cm to 25 cm. The shape of 
the phenoclasts is variable, 70% of the total phenoclast 
population is prolate and bladded in shape. The phenoclasts 
are generally rounded with sphericity ranging from 0.5 to 0.7 
in the clast supported conglomerate. Locally, they exhibit 
fabric anisotropy defined by preferred orientation of the 
pebbles with their flat surfaces parallel to the plane of 
stratification. Locally, crude imbrication is present in 
phenoclast fabric. The sedimentation units are defined by 
layers of quartz-arenite and pebbly quartzite which occur as 
intercalations within the conglomerate horizon. The unit of 
stratification varies from 10 cm to 60 cm in thickness. The 
beds are characterised by uniformity of thickness and lateral 
persistence. The lenticularity index is generally low. The 
quartz grains exhibit slight elongation parallel to the regional 
foliation. The bed exhibit internal organisation defined by 
planar and trough type cross-bedding. 
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Pacies-C (Quartz-Arenite and Pebbly Quartzite) : 
Thi facies occur to the east and west of Umra village 
and comprise mainly of quartz-arenite and pebbly quartzite. 
The most illustrative section of this facies occur to the east 
of Umra (Fig. 10) where it attains a thickness of about 400 
meters. 
The quartz-arenite is usually medium to coarse grained 
and grey in colour. The quartz and feldspar constitute the 
framework and exhibit sutured contacts. The matrix comprises 
fine-grained quartz and sericite. At places, the phenoclast 
are embedded in fine-grained matrix of quartz and sericite. 
Bedding lamination are well preserved and their thickness range 
from 1 mm to 20 cm. The bands are 4 meters to 20 meters thick 
characterised by uniformity of thickness and lateral persistence 
The beds exhibit internal organisation as planar and trough 
type cross-beds. The bedding plane inhomogeneities occur as 
ripple marks. 
The rock exhibit high textural maturity and possesses 
rounded to well rounded equant grains of quartz with their 
sphericity ranging from 0.6 to 0.8. The rock mainly composed 
80% to 9 0% of quartz. 
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Facies-D (Pelites/semipelites {Metamorphosed to Schist and 
Phyllites)). 
The association of biotite-chlorite-sericite schist with 
petromict conglomerate and quartz-arenite constitute the 
facies-D. It attains a total thickness of about 60 meters 
exposed along the Kanpur-Lakarwas road. The sedimentary log 
of this facies is given in Figure-11. 
This facies consist of intercalations of metamorphosed 
elastics with semipelites. The foliation in semipelites is 
characterised by preferred orientation of biotite, chlorite, 
and sericite. The biotite~chlorite-sericite schist exhibit 
sharp contact with the underlying quartz-arenite. 
The petromict meta-conglomerate is matrix supported, it 
occurs as interbands and comprises pebbles of quartzite and 
vein-quartz which vary in size from 2 cm to 20 cm. The larger 
pebbles are generally constrictional and smaller ones are 
equant in shape. The framework is disrupted. The phenoclast • 
are embedded in a very fine-grained quartz-chlorite-sericite 
matrix. The presence of chlorite in the matrix of the petromict 
conglomerate is the characteristic of this facies. 
The quartz-arenite occurs as greyish in colour and 
comprises dominantly of quartz. The quartz grains are equant, 
rounded to well rounded and exhibit high textural maturity. 
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Facies-E (Dolomite and Cherty Quartzite) j 
The rock association of dolomite and cherty quartzite 
constitute Facies-D. The dolomite is greyish-white to dirty 
white in colour and medium to coarse grained. Recrystallization 
has generally obliterated primary stratification. However, at 
places it is discernible due to compositional changes between 
dolomite and cherty quartzite bands. The fine-bedding laminations 
aire defined by their colour and compositional variation between 
the carbonate and silica rich laminae. The beds are generally 
structureless and devoid of internal organisation. This facies 
is characterised by the development of chemogenic environment 
of sedimentation. The lithofacies log of this facies is given 
in Figure-12. 
Facies-F (Stromatolitic and Phosphatic Dolomite with 
Pelites and Semipelltes) : 
This facies is well developed on both the sides of 
Jaisamand Formation in the west. It comprises a sequence of 
dolomite with carbonaceous pelites and semipelites (metamor-
phosed to schist and phyllites). Occasionally, the dolomite 
is siliceous. The silica has recrystallized as veins and 
stringers in the dolomite. This facies is characterised the 
biochemogenic environment due to the presence of bioturbation 
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in the rock of Dakankotra Formation. The deposition/fixation 
of phosphate by blue green algae in the rocks of Dakankotra 
Formation is characteristic feature of the facies-F. Litholog 
of facies-F is given in Figure~13. 
SEDIMENTATION S 
Mineralogenic Population of the Clastogenes J 
Textural parameters do not suffice any meaningful results 
for the interpretation of sedimentary environment and tectonic 
framework of the basin as well as provenance due to poly-phase 
metamorphism and recrystallization in the area. The bulk 
mineralogenic composition has not been significantly changed 
during the course of metamorphism. Therefore, the study of 
mineralogenic population is an important tool to visualise 
the tectonic setting of the provenance and the nature of the 
basin of sedimentation (see Dickinson and Suczek, 1979). 
The samples collected in the field were subjected to 
modal analysis for the study of tectonic setting of provenance. 
The modal composition of detrital rocks was plotted in the 
triangular diagram (Fig. 14, after Dickinson and Suczek, 1979), 
For this study, we recalculated all modal composition as 
volumetric proportion of Q, F and L (see Table-vi), where 
Q stand for total stable quartzose grain, F is total feldspar 
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grain and L is total unstable lithic fragments and ferro-
magnesian minerals. 
Crook (1974), Schwab (19 75) and Dickinson and Suczek 
(1979) have shown that quartz-rich rock are associated 
typically with passive continental margins, that quartz-
poor rock are mostly of volcanogenic derivation from magmatic 
island arcs, and that rocks of intermediate quartz content are 
associated mainly with active continental margins. In the 
present study the modal analysis of mineralogenic population 
exhibit the abundance of quartz content over the other mineral 
in the detrital rock is indicative of continental provenance. 
In essence the abundance of quartz in the modal framework 
and paucity of lithic fragments in the Jaisamand Formation of 
Umra area suggest a continental block provenance for the rocks. 
Table-VI : Modal Coirposition of Quartz-Arenite in Umra Rock. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Q 
% 
6 2 . 6 1 
6 3 . 1 9 
6 9 . 2 8 
7 3 . 4 0 
7 0 . 5 6 
7 2 . 0 2 
6 4 . 8 3 
7 0 . 2 0 
6 9 , 4 8 
F 
% 
2 8 . 3 0 
2 6 . 7 3 
2 2 . 3 2 
1 9 . 0 1 
1 8 . 2 2 
1 6 . 3 6 
2 1 . 4 6 
1 8 . 6 9 
2 0 . 4 3 
L 
% 
7 .85 
8 .42 
7 . 0 3 
6 . 2 0 
9 . 2 5 
9 . 9 8 
1 2 . 1 2 
9 . 2 9 
8 .76 
Reca 
Q 
% 
6 3 . 3 8 
6 4 . 2 5 
7 0 . 2 4 
7 4 . 4 4 
7 1 . 9 7 
7 3 . 2 2 
6 5 . 8 7 
7 1 . 4 9 
7 0 . 6 2 
Iculated 
F 
% 
2 8 . 6 5 
2 7 . 1 8 
2 2 . 6 2 
1 9 . 2 6 
1 8 . 5 8 
16 .62 
2 1 . 8 0 
1 9 . 0 3 
2 0 . 7 7 
Va lue 
L 
% 
7 . 9 5 
8 .56 
7 .12 
6 .29 
9 . 4 3 
10 . 14 
1 2 . 3 1 
9 . 4 6 
8 .90 
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Phenoclast Segregation Factor and Bed Lentlcularlty Index : 
The phenoclast segregation and lentlcularlty of beds 
were quantitatively analysed in the Precambrian terrain of 
Rajasthan In Umra Sector In order to evaluate their use as 
environmental indicators. These bedding characteristics provide 
a visual criterion for discriminating between gravels of wave 
worked and alluvial origin. 
The phenoclast segregation factor and bed lentlcularlty 
index have been used here to interpret the depositional 
environment (see Clifton, 1973; Iqbaluddln, 1977) as textural 
parameters have lost their interpretative value due to super-
imposed strain and metamorphism that have changed the shape, 
size and appositional fabric of sediments in the area. 
Methodology : 
The methodology followed in the present study is based 
primarily on technique adopted by Clifton (1973). The two 
dimensional study of phenoclast segregation and lentlcularlty 
of bed was done in vertical section. A section width of 5 m 
has been taken to represent meaningful average of these bedding 
characteristics. Therefore, measurements were accordingly 
restricted to a section of 5 m width. Quantification of bedding 
characteristics require certain standardised parameters. Some 
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of the norms may be arbitrarily chosen also. In the present 
investigation the norms followed by Clifton (1973) were 
adopted with slight modification, which are summarised below s-
(1) In this study a bed is defined as a sedimentary layer, 
more than a centimeter thick, that is separable from adjacent 
layers on the basis of visually distinct abrupt change in 
texture, composition or both. Where discrete layer was 
truncated by a channel or channels, the different segments, 
of the discrete layer were treated as part of the same bed. 
(2) To measure the degree of p>ebble segregation, the 
percentage of pebbles (clast greater than 4 mm) in each bed 
was visually assigned to one of the following classes : 
0-10%, 10-30%, 30-50%, 50-70%, 70-90% and 90-100% pebbles. 
(3) In case of phenoclast, scattered along plane of 
stratification (lag gravel), the extension of the bed was 
considered as far as the phenoclast can be traced. 
(4) The degree of pebble segregation is given by the pebble 
segregation factor defined as the absolute value, P = (50 - m>, 
where m is the midpoint of the pebble percentage class. 
(5) To document quantitatively the degree of bed lenticularity 
the lateral persistence and the variation in thickness of 
individual beds were observed. The •lenticularity index* given 
by the formula L = At/1, where ^t is the difference (cm) 
between maximum and minimum bed thickness in the 5 m width 
examined and 1 is the length (cm) of the bed within the 5 m 
section. 
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Observation : 
The conglomerate beds of Jalsamand Formation in Umra 
area are distinctly layered. The bedding in the conglomerate 
is identified by variation in grain size, composition and 
phenoclast percentage. The phenoclast consist mainly of the 
pebbles of quartzite, vein-quartz, schist and granites. The 
phenoclast fall in the size range of pebbles (70%), cobbles 
(25%) and boulders (5%). It has been documented that the beds 
having higher percentage of pebbles, cobbles and boulders 
exhibit higher lenticularity. The unit of bedding range from 
1 cm to 105 cm, and the individual beds are traceable up to 
30 m along the strike (PI. X, Fig. 2) show pattern of bedding 
phenoclast segregation and bed lenticularity in the study area 
and their measures of phenoclast segregation and bed lenticul-
arity are given in Table-VII. 
Table-VII s Measures of Phenoclast Segregation and Lenticularity 
of Beds of the Precambrian Conglomerate in Umra Area, 
Exposures A t ^ 1 m L p 
& Bed No. (cm) (cm) 
A-1 
A-2 
A-3 
A-4 
A-5 
15 
10 
48 
20 
9 
700 
700 
700 
600 
700 
20 
20 
80 
40 
20 
.021 
.014 
.06 
.033 
.013 
30 
30 
30 
10 
30 
continued.... 
Table-VII continued, 
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Exposures 
& Bed No. 
A-6 
A-7 
A-8 
A-9 
A-10 
A-11 
A-12 
A-13 
A-14 
A-15 
A-16 
A-17 
A-18 
A-19 
A-20 
A-21 
A-22 
A-2 3 
A-24 
A-25 
A-26 
A-.27 
A-28 
A-29 
A-30 
A t 
(cm) 
10 
40 
3 
10 
15 
13 
40 
14 
20 
5 
10 
18 
12 
5 
30 
6 
10 
5 
20 
25 
7 
10 
12 
15 
40 
1 
(cm) 
700 
600 
700 
700 
600 
700 
700 
700 
600 
700 
700 
700 
600 
600 
700 
700 
700 
700 
600 
600 
700 
700 
700 
600 
700 
m 
60 
20 
60 
40 
80 
20 
20 
5 
20 
20 
20 
60 
20 
5 
20 
80 
20 
60 
40 
5 
20 
20 
20 
60 
40 
L 
.014 
.02 
.004 
.014 
.025 
.018 
.05 
.02 
.033 
.007 
.014 
.025 
.02 
.008 
.04 
.008 
.014 
.007 
.033 
.041 
.01 
.014 
.017 
.025 
.06 
P 
10 
30 
10 
10 
30 
30 
30 
45 
30 
30 
30 
10 
30 
45 
30 
30 
30 
10 
10 
45 
30 
30 
30 
10 
10 
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Discussion J 
The quantitative observation made on these bedding 
characteristics suggest that a combination of low lenticularity 
index and higher phenoclast segregation factor characterise 
the wave worked conglomerate bed in the study area. The 
bedding parameters, plotted with lenticularity index as 
abscissa and phenoclast segregation factor as ordinate 
(Fig. 15) signify a wave worked depositional environment. 
The 60% observation of bedding characteristics fall in the 
wave worked regime whereas 17% lie in the intermediate zone 
and 23% lies in the alluvial field. Hence, the bedding 
characteristics signify a wave worked dynaRQn^gS^^«4ig9 ^^^ 
deposition of Umra Conglomerate. 
Sedimentary Model j ^v» .v^ 
The sedinaentation of the Debari and Udaipur groups 
was triggered post-tectonic to Bhilwara Geological Cycle. 
It characterised the shelf sedimentation of the Aravalli 
Geological Cycle, marginal to Archaean craton. The beginning 
of the Debari sedimentation characterise the Eparchean 
Unconformity in the western Indian Shield. It is represented 
as a first order unconformity. The clastogenic, chemogenic 
and organogenic coastal and shelf sediments of Debari Group 
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were deposited over a peneplain Archaean basement of Bhilwara 
Supergroup in Rajasthan. The elastics are, locally, associated 
with synsedimentational shoreline spilitic basal volcanics 
corresponding to the early depositional and volcanic episodes 
of the geosynclinal phase of the Aravalli Geological Cycle 
(see Anon, 1981). 
Clastic Supply ; 
The nature of terrigenous clast indicates a predominantly 
granitic source of sediments. Supply of sediments was mainly 
from continental block provenance as indicated by QFL modes of 
the arenites (Fig. 14). The clastic population and mineralogenic 
distribution are indicative of coastal beach dynamics. The 
copious supply of terrigenous debris was heralded by the 
flooding of the shelf sea. The coarser sediments were possibly 
transported in the surf zone of undertow of backwash transport 
towards the breaker zone and finer sediments from the open sea 
brought into the breaker zone by wave action. Thus most of the 
coarser sediments in the Jaisamand Formation is a function of 
beach dynamics. The distribution of the elastics along the 
margin of the craton was possibly controlled by the longshore 
drift. The phenoclast and coarse matrix, which were in 
equilibrium with the surf zone and the longshore drift, 
survived in the Jaisamand Formation and they were represented 
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by facies-A and facies-B respectively, while other modes 
which were transported to the swash and backwash zone, were 
represented by facies-E. The sediments of facies-D, C and F 
were brought from open sea towards the coast by swelling 
wave s. 
Sedimentary Facies : 
The parameters such as the unit of stratification, 
cross-bedding, ripple marks, phenoclast segregation factor 
and lenticular!ty index have been studied with a view to 
interpret the dynamics of sedimentation. The dynamics of 
sediments transport in the area was dominantly controlled 
by winds, waves, tides and currents coming from the open sea 
towards the coast. The study of these parameters are suggestive 
of foreshore coastal environment for the deposition of rocks 
belonging to the Jaisamand Formation. 
The unit of stratification in facies-A and B varies from 
1 cm to over 50 cm. However, the stratification unit in arenites 
varies from 1 cm to 10 cm. The stratification is characterised 
by evenly laminated sets which exhibits low angle of discordanpe 
among them. The discordant surfaces are generally erosional and 
represent reactivation surfaces, which are indicative of bio-
polarity of the flow regime characteristics of tide dominated 
wave dynamics (see Thompson, 1937; McKee, 1957; Klein, 1970; 
Sellwood, 1975; Reineck and Singh, 1980). 
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The blmodal clastic popplation in the Umra conglomerates 
is indicative of a wave affected zone. The coarser population 
represent backwash and the arenaceous matrix represents swash 
of the wave induced process (see Reineck and Singh, 1980). 
The reverse grading in the pebbly bands of the Jaisamand 
Formation and inter-layering of coarser material with the 
evenly laminated sand showing low lenticularity index are 
suggestive of coastal wave controlled dynamics (see Vollbrecht, 
1957; Hayes and Boothroyd, 1969; Clifton, 1969; Greenwood and 
Davidson-Arnott, 1979). 
The rock of Jaisamand Formation of facies-B exhibit 
ripple marks that have rounded crests are indicative of 
shallow water origin and smoothening of the crest by wave 
action under a bipolar regime (see Reineck and Singh, 1980). 
The qualification of phenoclast segregation factor and 
lenticularity index (Clifton, 1973; Iqbaluddin, 1977), suggest 
a higher phenoclast segregation factor and low lenticularity 
index are characteristics of Umra conglomerate. These parameter 
suggest wave worked dynamics during the deposition of Umra 
conglomerate (Fig. 15). 
CHAPTER-III 
DEFORMATION AND STRAIN ANALYSIS 
GENERAL STATEMENT : 
The deformed pebbles of Jaisamand conglomerate in Urara 
sector are fairly widespread and are potentially good material 
for the estimation of strain. The conglomerate is characterised 
by fabric anisotropy of phenoclasts and their apparent flattening 
to constriction in plane of strain in the basal Aravalli 
rocks of Debari Group. The present investigation is an attempt 
to elucidate the type and amount of strain in the deformed 
conglomerate. Detailed strain analysis of the phenoclasts was 
carried out to interpret the kinematics and dynamics of 
structural evolution of basal Aravalli rocks. Despite limita-
tions (e.g. ductility contrast with the matrix, initial shape 
and orientation, etc.), deformed pebbles from conglomerate 
horizon have been used for quantitative determination of finite 
strain (see Brace, 1955; Flinn, 1956; Hossack, 1968; Burns and 
Spry, 1969; Oertel, 1978; Roy and Fairseth, 1981; Srivastava, 
1985). The final shape and orientation of deformed pebbles 
depends on five independent variables. These are (a) the 
initial shape of the particle, (b) the initial axial 
orientation, (c) strain homogeneity, (d) the ductility 
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contrast of the particles to the total particle/matrix system 
and (e) errors in measurement. 
The study was directed to evaluate the parameters for 
determination of strain in two and three dimensions and its 
relation to other deformational fabrics in the study area. The 
shape analysis and sphericity of the phenoclasts were attempted 
(see Zingg, 1935) to determine the phenoclast shape in relation 
to strain geometry. The linear correlation using X vs. Y and 
y vs. Z were computed to test whether the pebbles come from a 
single population (see Ramsay, 1967 Mukhopadhyay, 1973; Roy and 
Ghosh, 1979; Bhasker and Fareeduddin, 1981; Srivastava, 1985). 
The phenoclast population can have three distribution 
possibilities in the pre-deformed stage, namely (a) a population 
consisting of elliptical particles with random orientation, (b) 
a population of elliptical particles with preferred orientation, 
(c) a population of nearly circular grains (see Mukhopadhyay, 
,1973). The nature of population was investigated through linear 
correlation test from the various localities. 
SAMPLING PROCEDURE : 
The conglomerate was studied between Debari and Jaisamand 
(Fig. 2) in the Umra Sector. The deformed pebbles of conglomerate 
were studied from 13 different locations in three dimensions and 
from seven locations in two dimensions. The sample locations were 
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choosen, so as to reflect the representative phenoclast 
populations of Jaisamand Formation. Few central locations 
were also selected along the strike length to evaluate the 
changes, if any, in the strain geometry along the formational 
trend. The long (X), intermediate (Y) and short (Z) axes of 
pebbles were measured, over a strike length of about 8 km of 
conglomerate horizon. In some of the section the phenoclast 
being deeply entrenched in the matrix were not amenable to 
three dimensional studies of X, Y and Z axes. In order to 
determine finite strain, two dimensional straJ-n analysis was 
attempted following Ramsay (1967). Deformed axial ratio (Rf) 
and orientation of the phenoclast (0) were measured from seven 
locations. Total of over 800 measurements of the phenoclast 
were made for analytical rigour. Strain is considered to be 
homogeneous within the scale of sample (see Ramsay, 1967; 
Dunnet, 1969; Elliot, 1970), however, Mukhopadhyay (1973) 
has demonstrated the strain to be variable even on the scale 
of thin section. During the present sampling the author has 
attempted to collect samples which may be considered homogeneous 
in statistical terms. 
SHAPE AND ORIENTATION ANALYSIS OF PHENOCLAST : 
The shape analysis of the different pebbles of Jaisamand 
conglomerate of Debari Group in Umra area was carried out by 
the plotting of the axes X, Y and Z (X^-Y-^-z). The pebble axial 
ratio plots Y j X and Z j Y axes were plotted on the ordinate 
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and abscissa respectively (see Zingg, 1935). The sphericity 
curves of Krurobein <1941) were superimposed over the pebble 
axial ratio plot to compute the shape and sphericity relation-
ship of the phenoclast in the conglomerate (Fig. 16). 
Table-VIII : Percentage Frequency Distribution of Shape 
Class (Zingg). 
Location 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Class I 
Oblate % 
a 
28.57 
25.00 
22.22 
22.58 
27.27 
7.31 
15.68 
21.42 
20.00 
42.30 
20.83 
21.87 
2 0.00 
Class II 
Spherical % 
25.00 
21.42 
7.40 
22.58 
9.09 
14.63 
15.68 
14.28 
57.50 
26.92 
41.66 
21.87 
33.33 
Class III 
Bladded % 
25.00 
21.42 
18.51 
16.12 
36.36 
17.07 
15.68 
28.57 
7.50 
7.69 
8.33 
15.62 
20.00 
Class IV 
Prolate % 
21.42 
32.14 
51.85 
35.48 
27.27 
60.97 
52.94 
35.71 
15.00 
2 3.07 
29.16 
40.62 
26.66 
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LOC I LOC 2 
4 5 6 7 
5 «• I 
I 0 
0 8-
0 6-
Y/X 
0 < -
0 ^ -
0 « 
Y/X 
FIG16 CHART SHOWING RELATIONSHIP BETWEEN SPHERICITY AND ZINGG SHAPE INDICES THE 
CURVES REPRESENT LINE OF EQUAL SPHERICITY ( A FTE R K RUMBEIN , I9 < 1) 
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The study of the shape analysis of the pebbles Indicate 
that the prolate pebbles are by far most dominant followed by 
oblate phenoclast. Locally the bladded pebbles are also 
significant in the population. Table-VIII represents the 
distribution of the phenoclast shape in different localities. 
Table-lX presents the distribution of sphericity ranges in the 
various classes. 
Table-IX : Sphericity Range of Phenoclast. 
Location Class I 
Oblate 
Class II 
Spherical 
Class III 
Bladded 
Class IV 
Prolate 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
.64-.7 
.59-.74 
.65-.7 
.6-.75 
.55-.72 
.67-.7 
.5-.75 
.65-.71 
.63-.76 
.65-.74 
.65-.67 
.62-.72 
.66-.74 
.7-.8 
.7-.83 
.7-.75 
.72-.77 
.72-.75 
.71-.85 
.7-.85 
.7-.78 
.7-.81 
.7-.82 
.7-.81 
.7-. 75 
.71-.78 
.58-.65 
.55-.65 
.5-.65 
.58-.64 
.44-.62 
.55-.68 
.55-.68 
.5-.65 
.6-.63 
.6-.65 
.61-.67 
.62-.65 
.59.64 
.68-0,7 
.6-. 7 
.55-.71 
.58-.69 
.51-.7 
.53-.72 
.53-.72 
.55-.72 
.65-.68 
.61-.'67 
.62-.66 
.61-.69 
.64-.7 
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The o r i e n t a t i o n p l o t s of the l a r g e r ax i s (X) of t h e 
p h e n o c l a s t e x h i b i t p r e f e r r e d o r i e n t a t i o n with moderate p lunge 
i n southwest d i r e c t i o n ( F i g . 2 9 ) . Table-X r e p r e s e n t s the l i m i t 
of v a r i a b i l i t y of the p lunge o fphenoc la s t from the v a r i o u s 
l o c a l i t i e s of sample p o p u l a t i o n . 
Table~X : O r i e n t a t i o n of P h e n o c l a s t s . 
L o c a l i t y D i r e c t i o n Amount 
A 705 S60°W - S10°E 38 - 65 
Vfest of Umra v i l l a g e S65°W - S20°E 30 - 62 
West of Umra Railway S5 0°W - S4 0°E 3 5 - 7 0 
20 - 66 
30 - 65 
7 6 5 
806 
S t a t i o n 
S60°W -
S50°W -
S2 0°E 
S2 0°E 
Interpretation : 
The development of various shapes in the strained 
conglomerate, are suggestive of fluctuation in the original 
phenoclast population. The high axial direction stability 
(Fig. 29) suggest that the strain was incorporated as a 
result of high degree of deformation. The dominance of the 
prolate and oblate shapes in the total phenoclast population 
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from each outcrop will suggest the strain was characterised by 
apparent flattening to constrictive type. 
PHENOCLAST POPULATION s 
Phenoclast population was investigated in order to 
ascertain whether pebbles belong to a single population or 
not, the approach of Mukhopadhyay (1973) was adopted. 
Mukhopadhyay (1973), Roy and Ghosh (1979), Bhasker and 
Fareeduddin (1981) and Srivastava (1985) have shown that 
grains or pebbles of a single population show a good linear 
correlation when their axial parameters are plotted in the 
diagram X vs. Z or Y vs. Z or X vs. Y. A strong linear 
correlation is observed when the axial parameter of Umra 
conglomerate are plotted (Fig. 17 a, b ) . About 300 pebbles 
from 7 locations (in two-dimension) and 500 pebbles from 13 
locations (in three-dimension) were subjected to statistical 
rigour for determining the nature of population within the 
sample area. 
Graphical and statistical methods adopted by Mukhopadhyay 
(1973) for linear correlation model demands that the value of . 
*X' should be zero when the value of *Y' is zero. So according 
to Mukhopadhyay (1973) a linear correlation model :-
Yi =^Xi + ei (where X^-Y-p-z) 
LOC 1 L0C2 
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LOC 3 
LOC-4 
LOC 6 
LOC 5 
LOC 7 
12i 
l 6 ^ 
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LOC 1 LOG 2 LOC 3 LOC < 
20H 20H 20H 20^ 
8 H 8 H 8 ^ 
0 <; 8 12 
Z ». 
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8 '2 S 12 
20 
I6H 
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H G l / M i X I * L PLOTfc OF MAJOR A X I S ( X ) IMTE R MEOI ATE A X I f c C Y ) A N D SHORT A X I J ( Z ) WHERE X > y > 2 
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/ / 
/ 
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where e i i s unobserved random var iable causing deviat ion from 
perfect l i n e a r c o r r e l a t i o n . 
From the measured values of Xi and Yi the ^ values are 
calculated from the following equation 2-
'^ ='^XiYi/'5lYi or X Y i Z i / " ^ Z i 2 
where "D is the line of best fit passing through the origin. 
Where Xi, Yi and Zi are the measurements of the individual 
pebble axes corresponding to Xi"7 Yi"> Zi . 
The values of Xi and Yi are plotted on a graph and the 
straight line with slope 'D is drawn. The visual examination 
reveals that a few outgoing points deviate in a systematic 
direction from the straight line (Fig. 17 a, b ) . For computation 
of 1^  the outgoing points from the straight line were omitted in 
order to increase the probability of dealing with a single 
population. 
The goodness of linear correlation was also obtained 
from the expression s-
Y = XXiYi/(XXi^)(t,Yl^) 
where 'y is the linear correlation model. For a perfect linear 
correlation, its value should be unity. High "Y values obtained 
by such computations are indicative of good correlation between 
X vs, Y and Y vs. Z. The values of ^  and -y for the various sets 
of measurements from the different sample location have been 
computed and presented in Table-XI. 
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Table-XI : The computed v a l u e s of "Tg and "Y of p h e n o c l a s t , 
S'. 
N o . 
Two d imens ion 
^ X Y yXY 
s. 
No. 
Three d i m e n s i o n 
jgXZ YXZ ^YZ 
-prz 
1 
2 
3 
4 
5 
6 
7 
2 . 1 8 3 
1 .847 
1 .529 
1.539 
3 . 1 2 1 
1 .436 
1 .436 
1 .00 
1 .00 
0 .965 
1 .00 
1 .00 
1 .00 
1.00 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
2 . 3 8 2 
1 .623 
2 . 4 6 5 
1 .528 
2 . 8 3 1 
2 . 7 2 3 
3 .225 
1 .678 
2 . 5 6 3 
2 .832 
1.526 
2 .362 
1.867 
.974 
1 .00 
1 .00 
1.00 
1 .00 
.965 
1 .00 
1.00 
1.00 
1.00 
1.00 
1.00 
.965 
1 .821 
2 . 1 6 3 
1 .563 
1.764 
1.572 
2 . 2 3 8 
2 . 4 6 3 
2 . 1 3 8 
2 . 5 6 3 
2 . 3 6 5 
2 . 1 2 3 
1 .678 
2 . 2 4 5 
1 .00 
1.00 
.964 
1.00 
1.00 
1 .00 
1.00 
1.00 
.953 
1.00 
1.00 
.976 
1.00 
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Interpretation J 
The computed values as well as plots of X vs. Y, X vs. Z 
and Y vs. Z show a good linear correlation and the straight line 
of best fit Cf)) in the Umra conglomerate (Fig. 17 a, b) . A good 
linear correlation of the phenoclasts axial plots indicate a 
single population in the area of study (see Mukhopadhyay, 1973; 
Roy and Ghosh, 1979; Bhasker and Pareeduddin, 1981; Srivastava, 
1985). 
Since the "y shows very high values, so it has been 
concluded that the pebbles represent an Initial single 
homogeneous population corresponding to an axial ratio plots 
equal to "R value (see Roy and Ghosh, 1979), 
The original population was of elliptical phenoclast 
with their long axis having preferred orientation. The X vs. Z 
or Y vs. Z plots exhibit good linear correlation and the •p> circle 
(Fig. 17 b) corresponding to the dispersal of the largest axis, 
does not coincide with the trace of the regional foliations AS2 
in the study area (see Mukhopadhyay, 1973; Ali, 1986). 
AXIAL RATIO PLOTS AbJD STRAIN GEOMETRY : 
The nature of strain ellipsoid in the deformed pebbles may 
be graphically represented in several ways (see Flinn, 1962; 
Hsu, 1966; Ramsay, 1967; Hossack, 1968; Burns and Spry, 1969; 
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Bhasker and Fareeduddin, 1981). In the present work, Flinn's 
methodology (Fig. 18) have been followed to determine the shape 
of certain ellipsoid. The axial ratio of the phenoclast were 
plotted as X/Y against Y/Z and the contours of the X, Y and Z 
expressed as percentage of d (diameter of the sphere having 
equal volume to an ellipsoid with axes X'5»Y>-Z) were plotted 
to see the deformation of the pebble in terms of elongation 
along the three axes of strain (see Flinn, 1962; Ramsay, 1967; 
Bhasker and Fareeduddin, 1981). 
Interpretation : 
The axial ratio plots of X/Y and Y/Z • 1 represent 
spherical pebbles. The line X/Y = Y/Z join points where Y 
is 100% of the d. All the axial ratio plots above 100% Y 
represent decrease in value of Y and all plots below 100% Y 
represent an increase in the value of Y axis from d. The axes 
X, Y and Z as percentage of d from various sample localities 
has been given in Table-XII. 
1 0 0 
LOC-I LOC 2 
YasV. »f d 
lOOV. 
X/Y 
LOC-3 
3 0 -
2 0 -
X 'Y 
10-
Y/2-
3 0 -
20-J 
10-
L0C-< 
FIG.18- PEBBLE AXIAL PLOTS X.YAND Z ARE THE MAJOR AXES OF THE PABBLi 
WHERE X > Y > Z (AFTER OEREK F t l N N , i q 5 5 ) 
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LOC-5 LOC 6 
3 0 -
2 0 -
X/Y 
t o -
Y / Z -
3 0 -
2 0 -
X/Y 
•if 1 0 -
180 
200 
LOC-7 LOC-8 
3 0 -
2 0 -
X/Y 
1 0 -
r/z 
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V J iv . Of a i,^' 
90 100 v. ' 
X/Y 
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Table-XII : Percentage of axes against diameter (d ) . 
L o c a l i t y 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3 
X% of d 
100 -200 
1 0 0 - 2 0 0 
100 -200 
100-2 00 
100-2 00 
1 0 0 - 2 0 0 
100-2 00 
100-200 
100-150 
1 0 0 - 1 5 0 
100-150 
100-200 
100 -200 
Y% of d 
8 0 - 1 2 0 
8 0 - 1 2 0 
8 0 - 1 1 0 
8 0 - 1 2 0 
80-12 0 
8 0 - 1 1 5 
7 5 - 1 1 0 
8 5 - 1 1 0 
8 0 - 1 2 0 
9 0-12 0 
9 0 - 1 1 5 
7 0 - 1 2 0 
90 -115 
Z% Of d 
5 0 - 1 0 0 
5 0 - 1 0 0 
5 0 - 1 0 0 
5 0 - 1 0 0 
50 -100 
5 0 - 1 0 0 
5 0 - 1 0 0 
5 0 - 1 0 0 
60 -100 
60 -100 
6 0 - 1 0 0 
5 0 - 1 0 0 
50 -100 
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Most of the phenoclast population exhibit increase in 
the value of 'Y* as percentage of d and decrease in the value 
of *Z* which is around 5 0% of d. Here, the value of X is around 
200% of d. These parameters are significant as marker to the 
type of strain. The phenoclast population underwent from 
apparent flattening to constriction in most of the localities 
in conformity with the principal orientation of v^l. Xi plane 
corresponding to the regional foliation in the area of study 
(Fig, 18). In general, in most of the localities, 50% of 
population plots lie in the constriction field (K>1). The 
45% of the phenoclast population represent flattening strain 
and 5% of the population exhibit plane strain (Fig. 19). The 
shape of ellipsoid is given by an expression :-
_ X/Y - 1 
^ " Y/Z - i 
K has been determined for different localities and it is 
observed that it varies considerably (Fig. 2 0). The variations 
in K values from locality to locality are due to variation in 
degree of deformation and probably also due to variation in 
the initial shape and orientation of the pebbles. Ramsay (1967) 
has suggested that different stages of development of strain • 
ellipsoid are due to different degrees of deformation. 
105 
LOC-1 L 0 C 2 LOC-3 LOC-4 
84 
6H 
4H 
2H 
< 
»-
2 
O 
>-
o 
z 
O 
UJ 
a: 
lo-
an 
6H 
4H 
2H 
V 
A 
A ^ A 
V 
A V 
7 
LOC-5 LOC-6 LOC-7 LOC-8 
' . '' 
A 
^ I— 
V 
A I — 
V 
A 
V 
FIG.19- HISTOGRAM SHOWS THE PERCENTAGE OF PEBBLES FALLING IN FLATTENING 
(K<1)PLANE(K-1)AND CONSTRICTIGNAL (K>t>STRAIN FIELDS 
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STRAIN ANALYSIS J 
In order to interpret the nature of deformation to which 
proterozoic supracrustals in the Aravalli regions were subjected 
during the structural evolution of the area* an attempt was made 
to study the geometric effects during the deformational processes. 
To define the strain, estimation of nine basic parameters is 
required, of which three are related to distortional change 
(e., e- and e_) and six related to orientation and relation 
of the particles during deformation (% * Q2' Q3' ^^> ^y and 
Wz), These are to be determined to define the finite strain 
geometry (see Ramsay,1967; Ramsay and Graham, 1970; Ramsay 
and Wood, 1973). In an area where known markers are significantly 
inadequate, the study of nine basic parameters to define the 
finite strain is not possible. For interpretation of the dynamics 
of deformation the graphical method for strain analysis of the 
phenoclast in the meta-sedimentary pile of the conglomerate of 
Debari Group was adopted in Umra Sector. 
DEFORMATION FIELD : 
The phenoclast population was of elliptical particles 
with an initial fabric anisotroyp as indicated by X vs. Z and 
Y vs. Z plots (Pig. 17 b ) . It has not been possible to measure 
the three principal component of elongation related to distor-
tional changes, namely^ 1» € 2 and £^ 3 in absolute terms. 
Shape change can be determined by deformational plots of the 
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phenoclast population in which the ratios of the principal 
semi-axis lengths were plotted as abscissa and ordinate (see 
Flinn, 1962). The natural logarithm of the ratio of principal 
semi-axis are plotted In£(l + e-)^ / ^(1 + e-)] as ordinate 
and In[(l + ®2^3 / [^ ^ •*" ^ 3^] ®^ abscissa (see Ramsay, 1964; 
1967; Dunnet, 1969; Helm and Siddans, 1971; Ramsay and Wood, 
1973), for interpretation of the strain parameter. These plots, 
however, are not adequate to seirve as replacement where nine 
parameters are necessary for strain specification (Ramsay, 
1967; Ramsay and Graham, 1970), Here these parameters are 
reduced to two parameters of the ratio of the principal semi-
axis length of strain ellipsoid. Ramsay and Wood (1973) have 
suggested a more rational and easy method of two-dimensional 
graphic representation of strain where deformation plot is 
plotted as the difference between the principal logarithms 
strain ( ^  2 - ^3) and ( ^ 1 - ^2) along abscissa and ordinate 
respectively (Fig. 21). The logarithmic strain is given by the 
expression s-
^ = In(l + e) 
In deformation plot where the differences in principal 
logarithms strain are plotted, the geometry of the deformation 
ellipsoid is expressed in terms of K, where K is the ratio 
between the principal natural logarithms strain. 
K is expressed as j-
I l l 
LOC .1 LOG.2 
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1>K>0 
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The line of unit slope which is drawn from origin points 
divides the deformational field in the prolate and oblate 
ellipsoid. The deformational plots which lie along the abscissa 
represent the flattening ellipsoid ( ^2 is positive) and 
towards ordinate represent the constrictional field (where ^2 
is negative). The ellipsoid which fall on the line of unit 
slope (K = 1) represent the plane strain (where (^ 2 « 0). 
The principal natural logarithms strain ^1, ^2 and ^3 
and the parameter K were plotted for the phenoclast population 
from different localities (Fig. 21). The plots indicate that 
the K value for majority of population is greater thaii one, 
which indicate apparent constriction of the population was 
dominant and the deformation path lies towards the constriction. 
The area of apparent constriction form 50% of the population, 
flattening 45% and plane strain 5% respectively, is possibly 
due to the reflection of the apposltional fabric of the 
phenoclast population which was elliptical in shape. The 
distribution of the deformational field in proximity with 
the line of the unit slope indicate that the constrictive 
type of strain is dominant in the phenoclast population. 
FINITE STRAIN IN THREE-DIMENSION : 
The finite strain geometry of the phenoclast population 
were studied to determine the principal natural strain components 
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( gl, ^2 ancles), natural octahedral unit shear ( "To) and 
Lode's parameter ( v ) . These parameters are computed and 
plotted on the polar graph (see Nadai, 1963; Hossack, 1968; 
Gay, 1969; Mukhopadhyay, 1973; Roy and Ghosh, 1979; Srivastava, 
1985). 
Principal natural strain ^1, ^ 2 and 63 were computed 
by using the relationship £= log (1 + e ) . For finite strain 
it is more convenient to express the value in terms of natural 
strain (see Ramsay, 1967; Mukhopadhyay, 1973). Thus the 
deviatoric components of principal natural strain are expressed 
as s-
( ei) D = Log^ (X/r), 
( (^ 2) D = Logg (Y/r), 
( ^3) D = Log^ (Z/r). 
The values of deviatoric components of the principal 
quadratic elongation and principal natural strain components 
were computed for 500 phenoclasts (see Annexure-Il) and mean 
value for the outcrop level observation were determined for 
natural strain components (see Table-XIIl). 
The magnitude of strain was determined as natural 
octahedral unit shear { "Yo ") following Nadai (1963). 
nfo = 2/3_/( t l - ^ 2 ) ^ + ( e2 - ^ 3 ) ^ + ( (^3 - ^ 1 ) ^ 
Finite strain ( £s) was computed by using the relationship i 
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fs = 1/2Y0V3 = _/( 61)1 + ( 62)1 + ( £3)^ 
(see Nadai, 1963; Hossack, 1968; Mukhopadhyay, 1973). 
To describe the symrnetry of finite strain, Lode's 
parameter ( ^  ) was used (see Hossack, 1968; 
Gay, 1969; Mukhopadhyay, 1973 and Srivastava, 1985). 
Lode's parameter is given by the relationship s-
^= ( £2 - dl) + ( <S2 - 63) / ( ei - ^3) 
OR 
or = 2 £2 - £1 - £3/(^1 - 63 
The relationship of Lode*s parameter and strain 
ellipsoid (finite strain) are used for graphical representaion 
(Fig. 22) on polar graph following Hsu (1966). The Lode*s 
parameter for individual pebbles was computed and the mean 
( V ) was determined for the outcrop level observations. 
The results have been given in Annexure-III and Table-XlII 
respectively. The value of (^) define the geometry of 
strain ellipsoid. For constrictive ellipsoid the intermediate 
axis is shorter than the radius of equal volume sphere, where 
- K V < i O . Table-XIII suggest the strain has been dominantly 
constrictive in the Umra Sector. 
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LOG. 5 LOC-G 
LOC-7 
LOC 9 
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LOCII 
LOC 12 
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T a b l e - X I I I : R e s u l t s of ^Q, e s and \) of Umra S e c t o r 
L o c a t i o n -^0 t^ ^ 
1 0 .664 0 .574 0 .025 
2 0 .668 0 .596 - 0 . 0 1 8 
3 0 .629 0 .544 - 0 . 1 6 3 
4 0 .634 0 .544 - 0 . 1 6 3 
5 0 .795 0 .689 0 . 0 1 8 
6 0 .672 0 .582 - 0 . 2 3 6 
7 0 .677 0 .585 - 0 . 2 1 5 
8 0 .700 0 . 6 1 3 - 0 . 0 6 9 
9 0 .537 0 .465 0 .012 
10 0 .577 0 .5 - 0 . 0 3 3 
11 0 .544 0 . 4 7 1 - 0 . 1 0 4 
12 0 .653 0 . 5 6 5 ' - 0 . 0 9 8 
13 0 .603 0 .522 - 0 . 0 4 9 
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FINITE STRAIN IN TWO-DIMENSION (Rf/0 technique) : 
A set of elliptical markers with Identical initial 
eccentricity but variable orientation will show a characteristic 
pattern if there deformed axial ratio (Rf) and orientation (0) 
are plotted graphically (see Ramsay, 1967). Rf/0 plots is a 
function of the strain ellipse shape and the initial eccentri-
city of the markers. Ramsay's Rf/0 plots represents the 
effect of initial shape to be distinguished from those due 
to tectonic strain. Dunnet (1969), Lisle (1977) elaborated 
this method and presented details of procedure for graphical 
treatment of Rf and 0 values. In the present work graphical 
treatment of Rf and 0 values has been carried out following 
Ramsay (1967) and Dunnet (1969). 
Methodology s 
In spite of limitations regarding ductility contrast 
between pebble and matrix, the pebbles have been used in two-
dimension measurement. Rf is the ratio of major (X) and minor 
(Y) axis and (0) is the angle of orientation of major axis with 
respect to a reference line (strike of regional foliation AS^). 
The Rf and 0 dat;a have been plotted on semi log paper to the 
scale 10 degree = 1 cm on '0' axis, Rf axis logarithmic with a 
12.5 cm cycle (see Lisle, 1985). In order to maintain the 
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symmetry of the dispersal pattern of phenoclast plots, inverse 
of 'Rf* and complimentary angle of *0* are plotted showing 
large fluctuation 0:^45° (see Ramsay, 1967; Dunnet, 1969). 
The phenoclast population with random orientation before 
straining will tend to show a symmetrical Rf/0 pattern in 
strained state. An initial preferred orientation of marker 
long axes will usually produce a pattern which is asymmetrical 
about the mean •0* line on the diagram (Lisle, 1977). Figure-23 
shows Rf/0 plots in Umra area. The data point are strung out 
along a theta curve and generally show, therefore, an asymmetry. 
Dunnet and Siddan (1971) have proposed a way of assessing the 
asymmetry, the log mean of the Rf maximum and Rf minimum 
(Harmonic mean) and the vector mean (0) have been calculated 
by the following equations (see Table-XIV). 
Vector mean 0 = 1/2 arctan (^Sin20 / ^Cos20) 
-1 -1 -1 1 
Harmonic mean H = N/(Rf^ + Rf2 + Rfj + Rfj, ) 
Table-XIV : The Rs, Ri, 0, H and ^ values inferred from 
Dunnet's Rf vs. 0 curves and Plinn graph. 
Loca- Number ISYM Three-
tion 3 0 H Rs Ri of values dimen-
pebbles for sional 
repre- all const-
sented the ricti-
pebbles onal 
% ratio 
X:YsZ 
l(YZ) 2.183 18° 1.65 1.8 ^1.5 21 33 2.85s2:1.5 
1.5-2.0 7 
2.0-3.0 2 
3.0-4.0 0 
contd. 
1 2 3 
Table -XIV c o n t i n u e d . . 
Locat-
ion 'Y> 0 H Rs Ri 
Number 
of 
ISYM 
values 
Pebbles for 
repre-
sented 
all 
the 
pebbles 
% 
Three 
dimen-
sional 
const-
rictio-
nal 
ratio 
XSYJZ 
2(YZ) 1 .847 22 1.51 2 . 0 - ^ 1 . 5 20 
1 . 5 - 2 . 0 6 
2 . 0 - 2 . 5 1 
2 . 5 - 3 . 0 4 
•>4 0 
3(YZ) 1 .529 32° 1.53 1.6 -<:i .5 43 
1 . 5 - 2 . 0 5 
2 . 0 - 2 . 5 . 3 
2 . 5 - 3 . 0 3 
3 0 
4(XY) 1.539 32° 1.44 1.5 -Cl .5 34 
1 . 5 - 2 . 0 6 
2 . 0 - 2 . 5 2 
> 2 . 5 0 
52 
19 
24 
5(XZ) 3 .121 2 2 " 3 .27 2 . 8 5 ^ 1 . 5 28 
1 . 5 - 2 . 0 10 
2 . 0 - 2 . 5 5 
2 . 5 - 3 . 0 8 
>-3 0 
6(XY) 1.436 1 8 ° 1.30 1.5 - * i l . 5 42 
1 . 5 - 2 . 0 3 
2 . 0 - 2 . 5 2 
2 . 5 - 3 . 0 1 
> ' 3 0 
7(YZ) 1.436 27° 1.29 1.5 - ^ l . S 56 
1 . 5 - 2 0 6 
2 . 0 - 2 . 5 1 
2 . 5 - 3 . 0 3 
3 0 
20 
20 
13 
124 
These means correspond to vertical and horizontal lines 
drawn on the diagram which divide the final Rf/0 pattern into 
four quadrants, viz. A, B, C and D. The points falling in each 
quadrant are counted for the calculation of ISYM value (an 
index of symmetry, after Dunnet and Sidden, 1971). 
ISYM = 100 - 100 (l-^A '%3^ + l^C -%D''")% / N 
where ^ A, ^ B , ^C and ^ D are the number of points occurring 
in areas A, B, C and D respectively and N is the total number 
of data points plotted. 
The calculated ISYM values (see Table-XIV) are low which 
reflect a considerable degree of asymmetry in the final pattern 
due to the presence of any pre-deformational fabric. However, 
the departure of these values from cut-off value (90%) for 
symmetric diagram (after Dunnet and Siddans, 1971) has 
contributed to the imperfect orthogonality. 
These plotted points (Fig. 23) are matched with the 
library sets of curves given by Dunnet (1969). The Rf/0 
curves (Dunnet, 1969) corresponding approximately to the 
strain value (Rs) placed over the plotted points and moved 
up the 'Rf• axis to the position of visual best fit. The 
points lie about curve symmetrical to a line of some fixed 
value (Q), the angle between principal extension direction 
and a reference azimuth. This angle (Q) coincide with the 
orientation of the long axis of the strain ellipsoid (Ramsay, 
1967). 
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Result and Discussion : 
Dunnet*s Rf vs. 0 curves matching technique has been 
used to determine the finite strain ratio in Umra conglomerate 
horizon, keeping in view the limitations (see Dunnet, 1969) . 
The results of two-dimensional strain ratio determined by 
curve matching technique are given in Table-XIV. The value 
of Rs for the phenoclast in Umra Sector are found to be 
Rs(XY) =1,5, Rs(YZ) =2.5 and Rs(XZ) = 2.85. The relation 
RS(XY) X Rs(YZ) = Rs(XZ) holds fairly good for the values in 
the Umra Sector (see, Dunnet, 1969). The Rs values for 
orthogonal planes XY, YZ and XZ show increasing Rs values. 
The three-dimensional axial ratio are found in Umra region 
X ! Y s Z = 2 . 8 : 2 . 5 : 1 . 5 . 
CHAPTER-IV 
PETROGRAPHY AND METAMORPHISM 
An account of the petrography of the lithounits of 
Debar! and udaipur groups in 'Uinra Sector' has been presented. 
The microscopic study of different rock types exhibit varying 
degree of recrystallization. The lithotypes in the present 
investigation have been classified on the basis of mineral 
assemblages, textures, microstructures, state of recrystalli-
zation and mineral paragenesis in the following rock types :-
1. Quartzite 
2. Feldspathic quartzite 
3. Calcareous quartzite 
4. Chlorite-quartz-biotite schist 
5. Quartz-biotite-chlorite-sericite schist 
6. Garnetiferous-quartz-chlorite-biotite schist 
7. Actinolite schist 
8. Aplo-granite 
9. Foliated granite 
(1) QUARTZITE i 
The quartzite exhibits granoblastic mosaic texture. At 
places the stratification (AS ) is crudely discernible and is 
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defined by the grain size variation between medium and fine 
grained layers of quartz. The sheet minerals viz., sericite, 
chlorite and muscovite occur in the intergranular spaces of 
quartz grains. Zircon, sphene and iron oxides occur as 
accessories. 
(a) Quartz : 
Quartz is the dominant constituent of quartzite and 
constitute 70% to 80% of the rock. For the purpose of present 
study quartz has been classified as quartz-I, quartz-ll and 
quartz-III on the basis of grain size, optical properties and 
mutual cross-cutting relationship. Based on local sequence of 
metamorphic recrystallization and tectonochronology, quartz-I 
characterise the clastic field, quartz-II is syntectonic and 
quartz-III is post-tectonic to regional deformation in the area 
of study. 
(i) Quartz-I j 
Quartz-I occurs as small anhedral grains varying from 
0.04 mm to 0.1 mm in size. The grains are elongated and exhibit 
sutured contacts (PI. I, Fig, 2). The grains exhibit undulose 
extinction, strain shadows and slight elongation parallel to 
regional foliation (AS2)« 
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(ii) Quartz-II s 
It exhibits polygonal boundary outlines and occurs as a 
thin zone of equant grains. It develops in the pressure shadow 
zone normal to the direction of maximum finite shortening in 
the rock during the development of AS^ foliation. It also 
exhibits a sort of sigmoidal outline which indicate slight 
rotation of the large quartz porphyroblast (PI. 1, Fig. 3). 
(iii) Quartz-III s 
Quartz-Ill occurs as large porphyroblasts having 
idioblastic to sub-idioblastic boundaries (Pi. I, Fig. 1). 
The grain size ranges from 0.1 mm to 0.8 mm. The grains 
exhibit triple point junction and linear contacts. Quartz-Ill 
is free from the impacts of directed stresses and exhibits 
sharp extinction, possibly due to the static recrystallization 
and is post-tectonic to AS^ foliation. At places, muscovite 
and sericite flakes are developed along the boundaries of 
quartz-III grain. 
(b) Muscovite : 
Muscovite occurs in the form of large tabular grains 
varying from 0.02 mm to 0.05 mm in size (Pl. II, Fig. 1). 
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It is faintly pleochroic and polarisation colours are of upper 
second order. 
(c) Sericite j 
It is distributed ubiquitously and occurs as small 
prismatic flakes. The grain size varies from 0.04 mm to 0.05 
iTjn. The sericite grains occur along the quartz grains and 
change in orientation of grains is due to progressive changes 
in the orientation of finite incremental strain. 
(d) Biotite : 
It occurs as porphyroblast in the rock varying in size 
from 0.02 mm to 0.15 mm. The body colour is light brown 
exhibiting pleochroism in shades of brown. The porphyroblasts 
are xenoblastic and boundary outline are diffused and have 
rugged terminations forming -embayments in adjacent grains of 
quartz and feldspar. 
(e) Chlorite s 
Based on op t ica l cha rac t e r s , form ou t l ines and fabr ic 
r e l a t i o n s h i p with the planes of mechanical inhomogeneity, for 
the purpose of de sc r ip t i on , the c h l o r i t e has been d is t inguished 
as c h l o r i t e - I i . 
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(1) Chlorite-li : 
It occurs as rounded porphyroblast ranging in size 
from 0.02 mm to 0.4 mm randomly distributed in the rock. 
It exhibits pleochroism in shades of green and polarisation 
colours are first order anomalous blue. It develops post-
tectonic to AS, foliation (PI. II, Fig. 1 ) . 
(f) Feldspar i 
It occurs as xenoblasts and seive structures are common 
in the field of section. The polarisation colours are grey and 
white of the first order. 
Accessories : 
Iron Oxides s 
They are opaque and occur as discrete grains, distributed 
throughout the rock. 
Zircon : 
Zircon is present as short prismatic grains showing high 
relief and fourth order polarisation colours. 
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Sphene ; 
Sphene occurs as subhedral to euhedral crystal showing 
higher order polarisation colours. 
(2) PELDSPATHIC QUARTZITE i 
The porphyroblast of quartz and feldspar exhibit 
granoblastic texture. Quartz is the dominant mineral which 
forms the fratoework. The matrix is composed of fine-grained 
quartz and sericite. Quartz content varies from 60% to 70% 
and feldspar 20% to 25% of the rock. 
(a) Quartz : 
Quartz is the most dominant mineral in the rock which 
constitute 60% to 70% of the rock. On the basis of grain size, 
optical properties quartz has been classified as quartz-I in 
the area of study. 
Quartz-I J 
I t occurs as anhedral g r a in s . I t va r i e s in s ize from 
0.03 mm to 0,1 mm and exh ib i t s s t r a i n shadow and undulose 
e x t i n c t i o n . The grain boundaries have been a l te red and evolved 
in to embayed and sutured con tac t s . 
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(b) Feldspar j 
Feldspar i s the next major c o n s t i t u e n t , occurs as 
s e r i c i t i s e d feldspar in the rock (PI . I I , Fig. 2 ) . P lagioc lase 
has also been recognised as short p r i sma t i c in habit in the 
f ie ld of sec t ion . 
(c) Plagioclase : 
It occurs as small grains prismatic in habit varying in 
size from 0.2 mm to 0.4 mm. Most of the plagioclase is cloudy 
in appearance. At places, fine grained flakes of sericite occur 
as inclusion within the plagioclase. 
(d) Sericite : 
It is ubiquitously distributed throughout the rock and 
occurs as small prismatic grains. The grains vary in size from 
0.02 mm to 0.04 mm. It occurs as the alteration product of 
feldspar grains. 
(e) Muscovite s 
It occurs as prismatic grains ranging in size from 0.2 mm 
to 0.4 mm. It is faintly pleochroic with shades of green and 
polarisation colours are of upper second order. The extinction 
is parallel to the cleavage traces. 
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(f) Chlorite s 
It occurs as large porphyroblast varying in size from 
0.02 nrni to 0.2 ram. It shows pleochroism in shades of green 
and polarisation colours are of first order anomalous blue. 
It develops post-tectonic to AS^ foliation. 
(g) Zircon : 
It occurs as short prismatic grains showing high relief 
and polarisation colours of fourth order. 
(h) Iron Oxide : 
It occurs as irregular discrete grains distributed 
throughout the rock. 
(3) CALCAREOUS QUARTZITE : 
It exhibits clastogeaijc texture comprising medium to 
coarse grained mosaic of quartz which have been ireplaced by 
calcite poirphyroblast giving rise to disrupted framework. The 
rock comprises two types of quartz grains and it seems that 
these grains have been derived from two different source, A 
type of grains which show undulose extinction, wavy and sutured 
contacts and strain shadows have possibly been derived from a 
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metamorphic source whereas other type of large grains which 
apparently free from strain shadows show symmetrical extinction 
and triple point junction have possibly been derived from an 
igneous source. For the purpose of description the metamorphic 
and igneous quartz have been identified together as framework 
constituents of calcareous quartzite because the temporal 
relationship between the metamorphic and igneous quartz is 
not clear due to lack of recognisable planar tectonic anisotropy. 
The quartz grains show corroded contact with the clacite grains. 
The carbonate is introduced and shows replacement relationship 
with the quartz grains. 
(a) Quartz : 
Quartz i s the most dominant mineral in the rock. Quartz 
exh ib i t s two d i s t i n c t generat ions namely, q u a r t z - l and q u a r t z - I I I , 
( i ) Quartz-I s 
It occurs as small anhedral grains. The grains exhibit 
strain shadow and undulose extinction. The grain boundaries 
have been altered and evolved into embayed and sutured contacts. 
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(ii) Quartz-III : 
It occurs as large porphyroblast exhibiting linear 
contacts and triple point junction. It exhibits also symmetrical 
extinction and is free from strain effects. 
(b) Calcite : 
It is the next to quartz in dominance in the rock and 
exhibits xenoblastic grains in nature. Calcite exhibits 
deformed twin lamellae (PI. Ill, Fig. 1). The polarisation 
colours ranges from bright second order to third order. 
Calcite forms cementing material in the rock replacing silica. 
(c) Dolomite s 
It is subhedral to euhedral in shape and forms 
pseudomorphs after quartz. It is colourless to cloudy and 
exhibit twinkling. The polarisation colours are pearl grey 
of the high order. It exhibits two sets of twin lamellae 
intersecting at oblique angles (Pl. Ill, Fig. 2). It shows 
embayment with the quartz grains. 
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(d) Mlcrocllne : 
It occurs as subhedral to anhedral grains varying in 
size from 0.4 nun to 0.8 mm. It is colourless but cloudy on 
account of alteration. The polarisation colours are grey and 
white of the first order. It exhibits cross-hatched twinning 
(PI. II, Fig. 3). The grains boundaries are diffused and the 
inclusions of quartz and sericite are generally found within 
the microcline grains. 
Accessories : 
Zircon and sphene occur as accessories and are 
sporadically distributed in the rock. 
(4) CHLORITE-QUARTZ-BIOTITE SCHIST s 
It comprises mainly of chlorite, quartz, biotite and 
sericite and exhibits schistose structure represented by the 
fabric anisotropy of chlorite, quartz, biotite and sericite 
parallel to regional foliation ( A S J ) . 
(a) Chlorite : 
It is the dominant mineral which constitute the rock. 
Based on optical characters, form outlines and fabric relation-
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ship with the planes of mechanical inhomogeneity, for the 
mJ-TDOse of description, the chlorite has been distinguished 
as chlorite*?-!. 
Chlorite-I : 
N. 
! 
Chlorite-I cryst als are elongated and tabular in habit 
exhliii*-o*jna^  end-on arr^^ngement parallel to the regional 
foliation AS2 (Pi. IV, Fig, 2). It exhibits faint pleochroism 
in shades of green. The polarisation colours are first order 
anomalous blue. 
(b) Quartz : 
Quartz is the next dominant mineral in the rock. It 
exhibits slight elongation parallel to regional foliation 
AS2 and has been identified as quartz-I on the basis of 
strain shadows, undulose extinction and fabric anisotropy 
with the regional foliation. 
Quartz-I s 
It occurs as elongated grains parallel to planar 
tectonic anisotropy AS^. It is defined by strain shadows 
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and undulose extinction. At places embayment of sericite 
grains are obseirved within quartz grains. 
(c) Biotite : 
Biotite occurs as elongated grains of prismatic habit. 
Biotite has been identified as biotite-i on the basis of 
optical characters, form outlines and fabric relationship 
with the planes of mechanical inhomogeneity. 
(d) sericite : 
It occurs as small grains prismatic in habit and exhibits 
end-on arrangement parallel to regional foliation AS„ (Pi. IV, 
Fig. 2). It is intimately associated with the quartz grains 
and shows elongation alongwith the quartz grains. At places, 
sericite reflects the strain induced effects developed during 
the constrictive strain to which the rock has been subjected. 
Accessories s 
Iron oxides and sphene occur as accessories in the 
schist. 
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(5) QUARTZ-BIOTITE-CHLORITE-SERICITE SCHIST i 
It exhibits schistose structures designated by the 
preferred orientation of chlorite and elongation of quartz 
grains parallel to the predominant foliation (AS2)• The schist 
exhibits three prominent planes of mechanical inhomogeneity, 
namely, bedding plane (AS ), regional dominant foliation (AS^) 
and crenulation foliation (AS^)• The bedding plane (AS 1 is 
defined by compositional variation between quartzose and 
chloritic layers. AS2 is defined by the preferred orientation 
of chlorite and elongation of quartz grains in planes of strain 
ellipsoid. AS^ foliation is manifested as closed space dis-
location planes and is developed as crenulation foliation 
at an angle to ASj foliation (Pl. IV, Fig. 1). The sheet 
minerals chlorite and sericite exhibit minor crenulation 
which occur in structural harmony with the crenulation 
foliation developed in schist (Pl. V, Pigs. 1, 2). 
(a) Quartz : 
It is the dominant mineral and constitute 60% to 65% 
of the rock. Quartz occurs as small grains measuring in size 
from 0.05 mm to 0.12 mm. The grains are equant and elongated 
in shape. The equant grains are ubiquitously dominant in the 
quartz rich layers while the elongated grains are predominantly 
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developed in the layers which are rich in sheet minerals. 
The elongated grains exhibit parallelism with the AS^ 
foliation. The quartz grains exhibit strain shadow and 
undulose extinction. 
(b) Biotite J 
The biotite porphyroblast exhibit angular relationship 
with AS, foliation. The biotite constitute about 10-15% of 
the rock, Erabayment of quartz and sericite are common within 
the biotite. 
(c) Chlorite j 
It occurs as prismatic exhibiting parallel arrangement 
with ASj foliation. It exhibits end-on arrangement with the 
quartz grains. The polarisation colours are first order 
anomalous blue. 
(d) sericite s 
Sericite is identified as small grains prismatic in 
habit and it is closely associated with quartz and chlorite. 
The sericite grains are aligned parallel to AS2 foliation. 
It is ubiquitously distributed throughout the rock and occurs 
as inclusions in quartz which signify its parentage to the 
clastic field. 
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Accessories : 
Iron oxides occur as accessories in the rock. 
(6) GARNETIPEROUS-QUARTZ-CHLORITE-BIOTITE SCHIST s 
It comprises chiefly of quartz, chlorite, biotite, 
garnet and sericite exhibiting lepidoblastic texture. This 
schist exhibits two distinct planes of fissility, namely, 
AS« and AS- foliations. AS2 foliation is manifested by 
elongation of quartz grains and chlorite flakes. The AS_ 
foliation is defined by the chlorite and biotite flakes 
oriented at an angle to ASj foliation (Pl. VI, Figs. 1, 2 ) . 
(a) Quartz : 
Quartz is the dominant mineral making 5 0% to 60% of 
the rock. On the basis of grain size, fabric relationship 
and optical properties, quartz has been assigned to quartz-I 
and quartz-II. 
(1) Quartz-I : 
It occurs as small elongated grains exhibiting strain 
shadows and undulose extinction. The elongated quartz grains 
are developed along the layers rich in chlorite, muscovlte. 
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etc. The elongated quartz grains exhibit parallel arrangement 
to the regional foliation {AS2) in Xl^^ plane of strain 
ellipsoid. The embayment of sericite grains have been observed 
in the quartz grains. 
(ii) Quartz-II s 
It occurs as thin zone of equant grains in the pressure 
shadow zone of garnet normal to the direction of maximum 
finite shortening in the rock (Pl. VI, Figs. 1, 2). It exhibits 
sigmoidal outline indicating rotation of large porphyroblast 
of garnet in the area. 
(b) Chlorite j 
Chlorite is the next dominant mineral forming about 20% 
to 25% of the rock. In the present study chlorite has been 
identified as chlorite-i based on optical characters, form 
outlines and fabric relationship with the planes of mechanical 
inhomogeneity. 
Chlorite-I j 
It occurs as elongated and tabular porphyroblast varying 
in size from 0.02 mm to 0.6 mm and exhibits faint pleochroism 
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in shades of green. The polarisation colours are first order 
anomalous blue. Locally, it changes into biotite and exhibits 
parallel arrangement to the regional foliation AS-* 
(c) Garnet : 
It occurs as large porphyroblast varying in size from 
0.8 mm to 1.0 mm. The Si-Se relationship in the garnet exhibits 
rotation of Si in relation to Se. Si are defined by tectonic 
anisotropy of quartz grains within the garnet porphyroblast 
which exhibits rotation in relation to Se defined by preferred 
orientation of quartz and chlorite-I. The garnet porphyroblast 
exhibits rotation of AS_ during the metamorphic evolution 
under sinistral shear as indicated by the study of Si-Se 
relationship (PI. VI, Figs. 1, 2 ) . 
(d) Biotite : 
Biotite occurs as porphyroblast having cross-cutting 
relationship with the AS2 foliation. It has developed as 
porphyroblast showing rugged termination and prismatic 
boundary outline. The body colour comprises from light 
brown to dark brown. It shows pleochroism in shades of 
brown. Embayment of sericite and quartz are observed. 
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(e) Serlcite : 
It is prismatic in habit and intimately associated 
with the quartz and chlorite grains. The grains exhibit 
end-on arrangement defining the nematoblastic texture in 
the field of thin section. 
(7) ACTINOLITE SCHIST s 
Actinolite schist composed essentially of actinolite, 
quartz, chlorite and calcite. Actinolite, chlorite and quartz 
show parallel arrangement along AS- foliation (Pl. IX, Pig. 2) 
but the orientation of foliation change in the crest of fold 
where A S ^ foliation cut across the ASj foliation (Pl. IX, 
Fig. 1). Biotite occurs along the hinge zone of the puckers 
and exhibits angular relationship with the AS^ foliation 
(Pl. IX, Pig. 1). Locally, quartz and actinolite layers 
exhibit micro-faulted contact in the rock (Pl. IX, Fig, 3). 
Actinolite and chlorite are impregnated by magnetite showing 
parallel arrangement along AS~ foliation. Sphene occurs as 
accessory. 
(a) Actinolite j 
It is the dominant mineral in the rock and constitute 
60% to 70% of the rock. The actinolite varies in size from 
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0.5 mm to 2 mm. Its body colour is greenish to subdued 
green and polarisation colours are of middle second order. 
It shows preferred orientation and elongation in >vvX?^ plane 
of strain. The extinction angle varies from 10 to 12 . 
(b) Quartz ; 
Quartz is the next dominant mineral in the rock. It 
occurs as elongated grains and exhibits wavy extinction. 
At places, quartz grains are replaced by calcite porphyro-
blast. 
(c) Chlorite : 
It occurs as elongated porphyroblast of tabular habit 
exhibiting parallel arrangement with the regional foliation 
ASy. It varies in size from 0.02 mm to 0.15 mm. It exhibits 
faint pleochroism in shades of green. The polarisation colours 
are first order anomalous blue. 
(d) Calcite s 
The porphyroblast of calcite exhibit twin lamellae 
and intragranular deformation. At some places, it appears 
post-crystalline replacing silica. 
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Accessories : 
Sphene and epidote occur as accessories in the rock. 
(8) APLO-GRANITE i 
It is a coarse grained, leucocratic and exhibit aplitic 
texture. The granite ranges in composition from alkali granite 
to quartz-diorite with about 5% ferromagnesian minerals. It 
corrprises mainly feldspar, quartz and biotite. Muscovite, 
chlorite and sericite occur as accessories. The dominance 
of sodic plagioclase (oligoclase) and orthoclase characterise 
it to tonalite (quartz-diorite), but differ from it in 
relatively higher percentage of quartz. The textural term 
aplo-granite has been adopted to describe the alkali granite 
recorded in the study area. 
(a) Feldspar : 
Feldspar is the most dominant mineral in the aplo-
granite and forms about 60% to 70% of the rock. It comprises . 
oligoclase and orthoclase. 
(i) Oligoclase : 
The grains are subhedral to anhedral and exhibit 
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albite twinning. The grains exhibit micro-displacement 
acrossing the twin lamellae (Pl. VII, Fig. 1). The deformation 
is generally intragranular and do not penetrate the boundaries 
of adjacent grains. Some of the grains exhibit bending of the 
twin lamellae (PI. VII, Fig. 2). Embayment and inclusion of 
quartz are seen within the oligoclase. 
(ii) Orthoclase j 
Orthoclase occurs in the form of anhedral grains with 
sutured and corroded margins with quartz and oligoclase 
grains (Pl. VII, Fig. 1). The oligoclase grains are embayed 
into the orthoclase grains. 
(b) Quartz : 
The quartz grains are free from strain and occur as 
polygonal grains (Pl. VII, Fig. 1). It constitutes 20% to 
30% of the rock. Along the contact of orthoclase and oligoclase 
fine grain quartz is developed due to reaction between ortho-
clase and oligoclase. 
(c) Biotite : 
Biotite occurs as small grains prismatic in habit. It 
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is yellowish brown in colour and pleochroic. The polarisation 
colours range up to second order red. 
(9) FOLIATED GRANITE (GRANODIORITE) J 
It is coarse grained melanocratic rock and exhibits 
hypidiomorphic texture. Feldspar generally occur in the form 
of sericitised feldspar (orthoclase) and oligoclase crystals 
are subhedral. 
(a) Feldspar : 
Feldspar is the major constituent and occur as subhedral 
grains. It comprises orthoclase and oligoclase. The orthoclase 
is sercitised and constitute about 25% to 30%, oligoclase is 
about 2 0% to 25% of the rock. 
(i) Orthoclase s 
It occurs as large subhedral to anhedral grains and is 
sericitised. The cluster of fine grained quartz and sericite • 
occur as inclusions within the orthoclase (Pl. VIII, Fig. 1). 
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(ii) Oligoclase : 
The grains are generally subhedral to anhedral and 
exhibit albite twinning. The grain boundaries are diffused 
and surrounded by fine grained quartz aggregate (Pi. VIII, 
Fig. 3). At places, it exhibits intragranular deformation 
of twin lamellae and kink banding in the grain (Pl. VIII, 
Fig. 2). 
(b) Quartz t 
Quartz occurs as subhedral to anhedral grain. The 
grains exhibit strain shadow and wavy extinction. At places, 
quartz occur as fracture filling along the boundary of 
sericitised feldspar. 
(c) Biotite i 
Bio t i t e f lakes are p r i smat ic in hab i t and shows 
pleochroism in shades of brown. The boundary out l ine are 
diffused and have rugged terminat ion forming embayraent in 
the or thoclase and o l i g o c l a s e . 
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(d) Muscovite i 
Muscovite occurs in the form of large tabular grains 
varying in size from 0.02 mm to 0,05 mm. The polarisation 
colours are of upper second order. 
Accessories : 
Sericite and epidote occur as common accessories. 
METAMORPHISM s 
The rocks of Debari and Udaipur groups have undergone 
polyphase deformation and recrystallization which have erased 
the clastogenic textures and mineral composition of the 
elastics. The petrographic studies carried out suggest that 
recrystallization has not significantly altered the bulk 
composition of the parent rock. The distribution of the 
index minerals chlorite, biotite and garnet of the Harrovian 
Zones (Table-XV) suggest two zones namely, chlorite-biotite 
zone and garnet zone (see Ali, 1986) . 
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Table-XV : Temporal Relat ionship of Mineralogenic Populat ion 
in the Formational Units of Debari and Udaipur 
Group in Umra Sector . 
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Met amorphic Fades s 
The zonation of the index minerals can be useful 
parameter as guide for delineating variations in P-T levels 
during the metamorphlc evolution of the sediments (see Shaw, 
1956; Das, 1968; Carmichael, 1969, 1970; Sarkar, 1982). 
However, some workers are of the opinion that spatial and 
stratigraphic zonation reflect the variation in the bulk 
composition of the parent rocks (Atherton, 1964; Butler, 
1965; Chinner, 1965). 
In the present area the mineral assemblages of the 
chlorite-biotite zone and garnet zone comprise the 
following s-
I. Chlorite-Biotite Zone 
Quartz + Sericite + Biotite + Chlorite 
Quartz + Sericite + Biotite 
II. Garnet Zone 
Garnet + Quartz + Biotite + Chlorite, 
The rocks of Berwas Formation correspond to albite-
epidote-almandine subfacies and those of Umra, Delwara, 
Jaisamand, Dakankotra and Sabina formations correspond to 
quartz-albite-muscovite-chlorite subfacies of the green 
schist facies. 
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The bulk mineralogy of the various formational units 
have been slightly different. The rocks of the Berwas 
Formation have been dominantly calcareous and argillaceous. 
In the present area* it is not desirable to place the garnet 
isograde as an isotherm. In general the P-T level characterised 
by the development of chlorite-biotite and garnet in the rocks 
of Debari and Udaipur groups represent the low grade regional 
metamorphism (see Wintler, 1976). 
Metamorphic Recrystalli25ation and Scheme of Paragenesis s 
The metamorphic history and sequence of recrystallization 
is related to AD. and AD- deformative episodes of the Aravalli 
Tectonic System (Anon, 1981). Corresponding to AS-,, AS^ and 
AS^ foliations metamorphic recrystallization took place. The 
history of recrystallization and mineral paragenesis has been 
worked out on the basis of petrographic fabric, contact 
relationship of the component grains and Si-Se relationship 
of the porphyroblast. Based on sequence of recrystallization 
and fabric anisotropy, the metamorphic recrystallization 
history of the rocks have been assigned to M^, M2# M^ and M. • 
phases. 
Table-XVI presents the temporal distribution of the 
mineralogenic population in relation to tectonic anisotropy 
and deformative episodes. 
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Table-XV J Mineralogenic Population corresponding to 
different Metamorphic Phases in Umra Sector. 
Episodes AD, AD, 
Mineral M, 
^ 
M. M. 
Quartz-I 
Quartz-II 
Quartz-III 
Sericite 
Muscovite 
Biotite-I 
Chlorite-I 
Chlorite-Il 
' Plagioclase 
Microcline 
Orthoclase 
Garnet 
Calcite 
Dolomite 
Actinolite 
Epidote 
Zircon 
Sphe ne 
Iron Oxides 
Tectonic Anisotropy 
AS^ = AS, o 1 AS, AS-
S t r e s s d o m i n a t e d e n v i r o n m e n t 
G r a n i t e -
emplacement 
T e n s i l e 
Regime 
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M^ Phase 
The earliest roetaraorphic event is represented by the 
development of AS, foliation define by recrystallization of 
quartz and sericite along AS-^ = AS . It is characterised by 
rotation of sericite flakes parallel to stratification and 
development of chlorite-l. Quartz-I underwent elongation 
under flattening strain, it developed strain shadow and 
undulose extinction. 
M2 Phase : 
The second phase of metamorphism is characterised 
by development of AS- foliation during AD- deformative 
episode. The allogenic quartz underwent recrystallization 
and elongation in Xl^ZP^^"® °^ strain ellipsoid. The 
point contacts of quartz-I modified to elongated and 
sutured contacts (Pi. IX, Fig. 2). The sericite underwent 
recrystallization and grew in size to form muscovite flakes 
The carbonaceous matter underwent recrystallization to 
graphite. In the calcareous sequence actinolite developed 
in harmony with the AS- regional foliation. 
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Mj Phase J 
The AS- foliation developed during early phase of AD-
deformative episode acted as slip surface during the later 
phase of ADj which led to the development of crenulation 
foliation AS^. Syntectonic to this deformation the third 
phase of roetamorphic recrystallization took place in the 
rocks of the Debari and Udaipur groups. Important metamoirphic 
signatures of M^ phase were recorded in the rocks of the 
Berwas Formation where garnet developed syntectonic to AS^ 
foliation. The Si~Se relationship indicate shearing and 
rotation of the porphyroblast during its growth. The quartz-II 
and sericite underwent recrystallization in the pressure 
shadow zone. 
The development of garnet during regional metamorphism 
is controlled by the following common reaction :-
I. Biotite + Quartz Garnet + Orthoclase 
II. Chlorite + Quartz Garnet + H2O 
The absence of alkali feldspar and the paucity of 
chlorite in the immediate vicinity of garnet indicate that 
the garnet developed from chlorite-i and quartz-I syntecto-
nically with the development of AS, crenulation foliation. 
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M. Phase J 
Th-is appears to be the last phase during the nwtamorphic 
evolution of the Debari and udaipur groups in the Umra Sector. 
Post-tectonic to AD2 deformative episode along 2000 Ma (see 
Crawford, 1969, 1970, 1975; Gopalan, et al., 1979). The 
basement remobilization due to rise of geoisotherm implacement 
of Ahar river granite took place which was accompanied by 
static metamorphism and development of quartz-III, chlorite-ii, 
feldspar and plagioclase in the rocks of Debari Group. 
CHAPTER-V 
STRUCTURAL FABRIC OF THE AREA 
GENERAL STATEMENT : 
In the present chapter the structural fabric has been 
presented which was studied to understand the tectonic evolution 
of the area in space and time. The nomenclature adopted for 
describing the structural fabric of the study area is based on 
the position of structural elements in the regional tectonic 
sequence (see Iqbaluddin, et al., in press). The structural 
elements associated with the Debari and Udaipur groups have been 
assigned to AD- and ADj deformative episodes of the Aravalli 
Tectonic System (see Anon, 1981). The morphology and geometry 
of folds, planar tectonic anisotropy, linear fabrics associated 
with fold generators, joint and fault developed in the area 
described. 
NOMENCLATURE OF THE ELEMENTS: 
The scheme of alpha numeral nomenclature has been adopted 
for describing folds, foliations and lineations kinematically 
related with the different deformative episodes of the Aravalli 
Tectonic System (Iqbaluddin, 1984) e.g. AF2, AS-, ABJ, etc. In 
161 
this scheme of nomenclature the first alphabet refers to the 
tectonic system to which an element belongs. The second alphabet 
(F, S ancfj^ ) refers to the structural elements e.g. 'F* for 
fold, 'S* for planar tectonic anisotropy and ''^* for lineation^ 
The numeral refers to the episode with which the element is 
dynamically and kinematically related. The structural elements 
that have been encountered in the study area comprise foliations» 
lineations, folds which are referrable to the AD^ and AD2 
deformative episodes of the Aravalli Tectonic System (see Anon, 
1981). It has not been possible to assign the brittle failure 
expressed as joints and fault in the area to their appropriate 
place in tectonochronology for purpose of description. These 
elements have been described as joint and fault without any 
temporal assignment. 
TECTONIC STRUCTURES s 
The foliations, lineations, folds, joints and fault that 
have been encountered from the basal Aravalli rocks of Umra 
Sector have been presented in the map using line symbols 
(Fig. 24). These structural features have been described in 
some detail as follows :-
o 
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1. Foliation : 
Several more or less synonymous terms such as foliation 
(Darwin, 1846; Fairbairn, 1935; in Whitten, 1969), fissility 
(Van Hise, 1896; in Whitten, 1969), rock cleavage (Mead, 1940; 
S-wanson, 1941; Billings, 1954), fracture cleavage, flovj cleavage 
(Leith, 1923), slaty cleavage (De Sitter, 1954), axial plane 
cleavage, strain slip cleavage (Ramsay, 1967), schistosity 
(Darwin, 1846; Harker, 1932; in Whitten, 1969) have been 
followed in literature for describing the planar surfaces in 
deformed rocks. These terms have genetic relationship. Sander 
(1930) defined the term foliation for planes of mechanical 
inhomogeneity. in the present study the foliation has been 
used as non-genetic descriptive term to define the planar 
tectonic anisotropy expressed by preferred orientation of 
component grains, minerals and/or by planes of mechanical 
inhomogeneity in tectonites of Umra Sector. The foliation 
planes have been referred as 'S' planes following Sander 
(1930). On the basis of their mutual cross-cutting relationship 
the different 'S* planes have been designated as AS^, AS-* AS , 
etc. in accordance with the norms of nomenclature followed in 
the present investigation. 
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(a) ASj^ Foliation x 
The AS^ foliation exhibits parallelism with stratification 
(AS ) in the rocks of the Debari and Udaipur groups. This 
foliation is defined by the preferred orientation of chlorite 
and sericite flakes and elongation of quartz grains along the 
AS bedding plane. It is expressed as bedding cleavage (see 
Daly, 1912, 1915, 1917; Sander, 1930; Gilluly, 1934; Read, 
1940; Jones, 1959; Knill, 1960 a, 1960 b; Knilland Knill, 
1961; Hietanon, 1961). This foliation is dynamically related 
to AFj^ fold of AD. episode of the Aravalli Tectonic System. 
(b) AS2 Foliation : 
The AS2 foliation is the most pervasive and penetrative 
element in the rocks of Delwara, Berwas and Dakankotra formations 
of Debari Group and Sabina Formation of Udaipur Group. It is 
kineraatically related to AF2 folds and dynamically associated 
with AD2 deformative episode. It is expressed by the preferred 
orientation of chlorite and sericite along the axial plane of 
AFj folds. The mean orientation of AS^ foliation range from 
N12°E to N35°E dipping 60° to 75° towards S78°E to S55°E anc 
poles to AS2 plane occur as point diagram (Fig. 25). 
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III 
FIG.25 MEAN AS2 FOLIATION IN UMRA SECTOR 
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(c) AS^ Foliation : 
AS^ foliation Is defined by closed apace dislocation planes 
which are developed as crenulation foliation (Pl. V, Figs. 1, 2). 
Various terms have been used for this type of foliation such as 
crenulation foliation {see Knill, 1960; Richard, 1961), slip 
cleavage (White, 1949; Brace, 1953; Billings, 1954), strain slip 
cleavage (Bonney, 1886 in Whitten, 1959), shear cleavage (Mead, 
1940; Wilson, 1946), cataclastic cleavage (Knof, 1931) and 
transposition cleavage (Weiss, 1949) . In the present investigation 
AS^ foliation is represented as the axial plane foliation of 
small puckers and drags in schistose rock. The petrographic 
signature of these planar surfaces in the rocks of Debari and 
Udaipur groups are exhibited by the mechanical rotation of 
quartz-I, sericite and chlorite-I and their alignment along 
AS^ plane of fissility which exhibit angular relationship with 
the regional foliation AS-. 
2, Lineation : 
The term lineation is a descriptive and non-genetic term 
to define the external and internal linear fabrics of rocks 
(see Cloos, 1946; 1953; Mclntyre, 1950). Jones (1959), Turner 
and Weiss (1963) and Whitten (1969) suggested the term lineation 
to linear elements penetrative at the outcrop level and/or in 
handspecimen scale of observation. Hills (1963) regarded all 
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linear component, Suigeneris having linear habit as lineation. 
In poly deformational regimes the oogenetic linear elements have 
variable morphology, geometry and orientation (Ramsay, 1967). 
Therefore, in the present investigation the linear elements which 
have variable morphology but exhibit tectonic anisotropy with 
the fold axis are considered as lineation. The lineations disposed 
parallel to b-axis of folds (b = ^ ) have been designated as Ag^ 
and AC- in accordance with the norms of nomenclature in the 
present study. 
(a) Ag2 Lineation : 
The linear components of tectonic process, kinematically 
related to b-axis of AFj folds have been designated as A-Vj 
lineation (b = "P,) . It is manifested as b-axes of the mesoscopic 
folds and defined as intersection of AS- foliation with the 
bedding (AS ) in the metasedimentary rocks of Berwas, Delwara 
and Sabina formations. Locally, where AS = AS^ the lineation 
"* O 1 
is defined by the intersection of AS2 and AS^. The linear fabric 
has generally obliterated the earlier (Ag-) lineation which is 
not conspicuously discernible in the field because of the 
penetrative and pervasive nature of AS- foliation. The lineation 
has an average plunge of 40° toward N40°E and limits of 
variability of plunge of A^2 is from 25° to 50° and orientation 
dispersal lies between N6°E to N48°E (Fig. 26 a, b ) . 
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FIG.26a .A^2 CIRCLE EXHIBITING VARIATION 
AND AZIMUTHAL DISPERSAL OF A^Z 
LINEATION IN UMRA AREA-
FIG.26b.Ap2 CIRCLE EXHIBITING VARIATION 
AND AZIMUTHAL DISPERSAL OF A f z 
LINEATION IN MAORI AREA. 
FIG 28 INTERSECTION LINEATION 
EXHIBITING HIGH AXIAL 
DIRECTION STABILITY IN 
UMRA AREA . 
FIG27. A;Bo LINEATION ( B-AXIS LINEATION) 
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(b) A^3 Lineation s 
Morphologically, the A-Q^ lineation is expressed as 
b-axis of crenulations, intersection lineation of AS^ with 
AS-, or ASp and as the longer axis lineation of phenoclast 
in Umra conglomerate. In essence, A-n^  lineation is genetically 
related to AF^ fold which occur as drags and puckers. 
(i) b-axis Lineation s- A-u, lineation occurs as b-axis of 
the puckers over AS^ ^ and AS^ foliation in the rocks of 
Delwara, Berwas, and Sabina formations. The lineation is 
characterised by high axial direction stability in the 
study area, where ASp is the form surface. The limits of 
variability of plunge of A-n^  lineation recorded from the 
area are 34 to 57 and dispersal orientation lies between 
N17°W to N50°W (Fig. 27). 
(ii) Intersection Lineation :- At places, A-n^  is designated 
as intersection lineation expressed by the traces of AS-^/AS., 
or AS3/AS2 planes (depending upon which of these foliations 
have acted as form surface for AF^ folds) . In the study area 
A-fto lineation is formed by the intersection of AS^ and AS-> 
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(PI. V, Fig. 1). The intersection lineation of AS^ and 
AS = ASjL exhibit high axial direction stability (Pig. 28). 
(iii) Pebble Lineation j- The pebbles in the Umra conglomerate 
exhibit both constructive and flattening strain and some of 
the phenoclasts lie in the plane strain shear field (see 
Pig. 21). The strain geometry has modified the shape of the 
pebbles with elongation in X, Y and Z axial direction, where 
X 7 Y > Z. The *X* axis of the phenoclast, which lie in the 
plane of XiXz strain ellipsoid (corresponding to AD^ 
deformative episode of the Aravalli Tectonic System) has 
been rotated by a sinistral shear which has imparted a 
preferred orientation to the 'X' axis of phenoclast (Fig. 29) 
where the X-axes of the phenoclast show parallelism with 
the b-axes of AF^ puckers and drags have been mapped as A-n-, 
lineation. 
The *X* axis lineation of the phenoclast exhibits high 
axial direction stability at the outcrop level. The limits 
of variability are shown in Table-X. 
3. Folds J 
The metasedimentary sequence belonging to Aravalli 
Supergroup has been folded on mesoscopic and macroscopic 
scales and display a high degree of structural complexity 
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resulting from the impress of three distinct period of folding 
(AF-, AF2 and AF^) in the Umra Sector. 
AF^ Folds : 
The AF- folds have been recorded from Kanpur and Bhyon-Ki-
Pacholi villages in the study area. The AF^ ^ folds are isoclinal 
folds with extremely acute and extended hinges. The wave length/ 
amplitude ratio is usually very small. The AF- folds are presumed 
to have been initially reciunbent which have acquired nearly 
reclined geometry due to superimposition of AF- folding (Pl. X, 
Fig. 3). Closely associated with the isoclinal folds, the 'hook 
folds' which have been recorded from dolomitic limestone near 
Maton mines (Pl. XI, Fig. 1). The superimposition of AF over 
AF- in the area have resulted in the development of type-3 
interference pattern (Ramsay, 1967) , 
AF2 Folds : 
The AF2 folds are ubiquitous have been recorded from the 
study area on the scale of the map as well as on mesoscopic 
scale. These folds are open to close, moderately plunging and 
moderately inclined, non-cylindrical with rectilinear hinges 
(Pl. XI, Fig. 1, 2). The axial surfaces are almost planar, at 
places where these have been superposed by regional shear the 
fold geometry becomes non-cylindrical non-plane (Pl. XI, Fig. 3) 
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The relative behaviour of the outer and inner arcs of these 
folds varies. In some cases the inner arcs are more acute than 
the outer arcs, in other the outer is more acute, thus, the 
behaviour of form surface of these folds confirms to class IC 
folds and class 3 folds of the fundamental classes of folds 
(see Ramsay, 1967) . The fold exhibit axial direction stability 
in Umra Sector and the axial plane has N12°E-S12°W trend. The 
fold axes plunge from 40° to 50° in N78°W to S78°W direction. 
AP^ Folds : 
The AF^ folds are developed in strongly anisotropic 
medium (phyllite and schist) during the regional shear which 
operated post-tectonic to AF2 folding in the area as puckers 
and in calcareous metasediments and quartzite as mesoscopic 
asymmetric to overturn drags. The AF^ folds have been recorded 
from Madrl, Kanpur, Lakarwas and near Ratnakuri hill. The AP 
folds are characterised by a set of axial plane crenulation 
cleavages. The folds have cylin drical plane geometry with 
rectilinear hinges (PI. XII, Figs. 1, 2). These folds are 
generally open to close. The hinges are sharp. The small 
puckers have higher curvature of outer arcs than that of inner 
arcs and therefore correspond to class 3 of fundamental classes 
of folds (see Ramsay, 1967). 
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4. Joints : 
They are ubiquitously found in all the formations but 
are manifested most prominently in quartz-arenite beds of 
Debari Group and slate and phyllite of Udaipur Group. The 
joints are both open and tight. The open joints are common 
in quartz-arenite beds. The density and spatial continuity 
of the joints show considerable variations. Spatially some 
of the major joints are traceable from 30 m to 100 m, whereas 
minor joints arc 1 m to 2 m in extent. The nature of joint 
surfaces varies from smooth to undulose and some of the 
surfaces developed slickensides and plumose markings. 
5. Fault : 
The fault in the area is linear, non-penetrative and 
straight. The fault plane is subvertical with sharply defined 
planar surface exhibiting evidence of brittle failure. The 
failure surface of fault strikes N40°W and dip 42°SW near 
A 765. Slip lineation are developed on failure surface as 
slickensides. The rake of the slickensides on failure surface 
are 20°SW. The low rake of the slip lineation suggest that 
strike slip component is dominant over dip slip component. 
The areal extent and geometry of the fault controlled linear 
is presented in Figure 30. 
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CHAPTER-VI 
GEOTECTONIC MODEL OF DEBARI GROUP 
STRATIGRAPHIC POSITION : 
Heron (1953) mapped the Precambrian conglomerate-
quartzite sequence as hogback ridges at Umra, Jaisamand and 
Debari as outliers of Delhi System. On the basis of lithological 
characters, he correlated the conglomerate, arkose and ortho-
quartzite sequence with the Alwar Series. To explain the 
juxtaposition of his Alwars with the Aravalli rocks in Girwa of 
Udaipur he invoked thrusted contact. Poddar and Mathur (1965) 
on the basis of local relationship of superposition, bedding 
characters and clastogenic population of the conglomerate and 
arkosic rocks assigned these rocks to the basal part of the 
Aravalli sequence. The revisional mapping carried out by 
Geological Survey of India has brought out that the conglomerate, 
arkose sequence exposed arond Umra, stratigraphically, form part 
of the Aravalli Supergroup (Anon, 1981). On the basis of litho-
stratigraphic association, structural and metamorphic history 
and tecto-environmental setting, the rocks of the Aravalli 
Supergroup have been assigned to Debari Group in Umra Sector. 
The Debari Group in Umra Sector has been divided into Umra, 
Delwara, Jaisamand, Berwas and Dakankotra formations in the 
ascending order of superposition. 
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Stratigraphically, the rocks of Debari Group comprise 
the clastogenic, chemogenic and organogenic coastal and shelf 
sediments, deposited marginal to Mangalwar, Sarada and Mando~Ki-
Pal cratonic masses with first order erosional unconformity have 
been included in the Debari Group. The rocks of the basal 
sequence of the Debari Group occur as two hogback ridges near 
Debari and Umra. The area intervening between these hogback 
ridges around Umra represents a sheltered dominantly chemogenic 
and biogenic sedimentation in an Aravalli embayment where 
euxenic and upwelling environments co-existed along an 
oxidation-reduction fence. The sediments which were deposited 
in this embayment have been stratigraphically separated as 
Maton Subgroup (see Anon, 1981). 
The base of the Aravalli has been placed at 2500 Ma 
corresponding to Proterozoic-I (see Anon, 1981). The Umra 
Formation overlies the Eparchean unconformity in the study 
area. After the Eparchean break the Umra Formation herald 
the dawn of Proterozoic sedimentation in Umra Sector of the 
Aravalli geosyncline. 
SEDIMENTARY MODEL « 
Tectonic Framework : 
The Debari Group comprising clastogenic, chemogenic and 
organogenic coastal and shelf sediments were deposited over a 
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peneplain Archaean basement of Bhilwara Supergroup in 
Rajasthan. The elastics are associated in other places 
(Delwara, Natharia-Ki-Pal, etc.. Anon, 1981) with synsedi-
mentational shoreline volcanism. The development of theatre 
of sedimentation in Umra Sector was controlled by an embayment. 
Sedimentary Facies : 
The clastic population of Debari Group in Umra Sector 
represents two dominant clastic modes (phenoclasts, sand and 
silt) deposited in the surf zone. The coarser sediments were 
possibly carried in the undertow of the backwash transport 
towards the breaker zone from the continental block provenance. 
The finer sediments were brought to the breaker zone from the 
open sea by winds, wave, tides and currents coming towards 
the coast. The abundance of coarse sediments in the Jaisamand 
Formation is a function of beach dynamics. The phenoclast in 
the coarse matrix debouched by the surface drainage from the 
craton was distributed along the coast by longshore drift. 
The phenoclast and the coarse matrix which were in equilibrium 
with the surf zone and long shore drift survived in the 
Jaisamand Formation as facies A and B. The finer modes 
represent;ed by the sediments of facies A were transported to 
swash and backwash zone while the elastics of facies C, E and 
F were brought from open sea towards the coast by swelling waves, 
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The bedding plane inhomogeneities and bedding characteristics 
of the Jaisamand Formation suggest foreshore coastal environment 
of deposition. The low angle discordance between evenly laminated 
sets of stratification, characterised by erosional discordance 
and reactivation surfaces are indicative of bipolarity of flow 
regime characteristic of tide dominated wave dynamics (see 
Thompson, 1937; McKee, 1957; Klein, 1970; Sellwood, 1975; 
Reineck and Singh, 1980) . 
The bimodal clastic population in the conglomerate 
corroborates the above environment. The coarser population 
represents backwash and the arenaceous matrix represents swash 
of the wave induced process (see Reineck and Singh, 1980) . The 
reverse grading and interlayering of coarser material with the 
evenly laminated sand showing low lenticularity index in the 
pebbly beds of Jaisamand Formation are suggestive of coastal 
wave controlled dynamics (see Vollbrecht, 1957; Hayes and 
Boothroyd, 1969; Clifton, 1969; Greenwood and Davidson-Arnott, 
1979). 
The quantitative analysis of phenoclast segregation and 
lenticularity of bed (Clifton, 1973; Iqbaluddin, 1977) signify 
a higher phenoclast segregation factor and low lencticularity 
index (Fig. 15) of Umra conglomerate in Jaisamand Formation. 
Therefore, the bedding characteristics signify that a wave 
worked dynamics operated during the deposition of Umra 
Conglomerate. 
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QPL diagram of quartz-arenite of Debari Group in Umra 
Sector represent the abundance of quartz and paucity of lithic 
fragment which indicate continental provenance (see Dickinson 
and Suczek, 1979). 
DEFORMATION AND METAMORPHISM t 
The deformative history and metamorphic evolution of the 
Debari rocks in Umra Sector can be assigned to three phases of 
deformation and four events of metamorphism in terms of regional 
tectonochronology of the Aravalli Tectonic System. The deformative 
phases are assigned to AD^ and AD_ deformative episodes (see 
Anon, 1981). 
First Phase of Deformation : 
The rocks of Debari Group which were deposited marginal 
to the Lasaria Plateau (Bhilwara Supergroup pre 2000 Ma). These 
elastics which were deposited along the shelf which experienced 
instability triggered by synsedimentational shoreline volcanicity 
(Delwara Volcanics). This initiated the sliding processes and 
creep in the sedimentary prism. The slide generated shear along 
stratification. Under this shearing stress the earliest 
deformation took place which is manifested by rootless disjunctive 
tight to isoclinal AF. folds and AS, foliation syntectonic with 
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it. In the rocks of Debar! Group the earliest folds are not 
well documented. However, AS^ foliation is recognisable in 
most of the places as bedding fissility. 
M.) Phase of Metamorphism t 
The first phase of metamorphism took place contemporaneous 
with first phase of deformation. This phase of metamorphism has 
been determined by the recrystallization of quartz and sericite. 
The shearing stresses was possibly the dominant mechanism that 
controlled the recrystallization history of Debari Group of 
rocks during the first phase of metamorphism. The shearing 
stresses which were developed due to creep during the sliding 
processes led to rotation of sericite flakes and slight 
elongation of quartz parallel to bedding plane (AS ). Chlorite-I 
evolved during this phase of metamorphism. The plastic deforma-
tion during the M^ phase took place under low temperature and 
pressure due to superincumbent load of sediments. 
Second Phase of Deformation : 
It is the most pervasive and penetrative deformation of 
the Aravalli Tectonic System. AD- was the most catastrophic 
episode during which the acme of deformation and metamorphism 
was achieved. This deformation developed under a compressive 
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stress regime and led to the development of AF^ fold which are 
open to tight, moderately plunging and moderately inclined. The 
axial plane cleavage of the AF2 folds developed as PiSy foliation 
in the area. 
The strain developed in the area correspond to apparent 
flattening to constrictional. In most of the localities 50% 
population lie in the field of constrictional strain (K •>• 1). 
The 45% of the phenoclast population represent flattening strain 
and 5% of the population exhibit plane strain (Fig. 19). 
MQ Phase of Metamorphism : 
The metamorphic recrystallization in the Debari Group 
took place syntectonically with the AS^ foliation. The allogenic 
quartz developed flattening to constriction in X^ Xi plane of 
strain ellipsoid. The clastic boundary outline of quartz-I were 
modified and changed to elongated and sutured contacts. The 
sericite grains in the clastic field underwent recrystallization 
and developed rugged termination. The flakes of sericite aligned 
parallel to AS2 foliation in Debari Group of rocks. The chlorite-I 
which is developed during M^ phase underwent recrystallization 
and large porphyroblast has evolved at the expanse of sericite 
and magnetite. The chlorite exhibit fabric anisotropy parallel 
to regional foliation AS2. The accicular fibres of actinolite 
developed in structural harmony with the regional foliation AS-. 
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Third Phase of Deformation t 
The third phase of deformation of Debarl Group took 
place under sinistral shearing stress field. During this 
deformation the ASj foliation acted as a slip surface. The 
third phase Is represented by AF^ folds which are developed 
as puckers and drags and AS^ crenulatlon foliation. The A-o_ 
llneatlon Is represented by b-axls of AF^ fold. Intersection 
lineatlon AS- and ASj or AS, and AS^ ^ and fabric anlsotropy of 
phenoclast. 
Locally, the AF- folds of the area developed as kink 
bands and chevron folds by flexural slip mechanism In a strongly 
anisotropic medium Identified by closely spaced AS2 foliation 
which acted as glide surface during the shear (see Paterson and 
Weiss, 1966). 
The development of AS^ crenulatlon foliation was Initiated 
by flexural slip mechanism due to tightening of the hinge, the 
flexural was replaced by shear mechanism during the genesis of 
AS^ crenulatlon foliation (see Falrbalrn, 1949; Wickham and 
Anthony, 1977; Anthony and Wickham, 1978; Sarkar, 1982; 
Iqbaluddln, 1984). 
The sinistral regional shear led to mechanical rotation 
of flattened and elongated phenoclast co-llnearly with the A'R_ 
lineatlon. The long axis of phenoclast exhibit direction 
stability with AF- fold axes. The b-klnematic axis of AF^ 
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folds coincided with the 'X* axis of phenoclast during the 
third phase of deformation in the Umra Sector. 
M^ Phase of Metamorphism : 
The third phase of metamorphism was synchronous to the 
third deformation phase. It took place as late tectonic event 
during the AD^ deformative episode. The bulk mineralogical 
composition of the rocks in the Debari Group during M^ 
metamorphic phase comprised biotite, quartz, chlorite, 
magnetite and sericite. The garnet developed syntectonic 
to AS^ crenulation under sinistral shear as is evident from 
Si-Se relationship (PI. VI, Figs. 1, 2). The garnet developed 
at the expanse of chlorite and quartz (see Tilley, 19 26; 
Atherton, 1968). The rotational shear generated 'snow-ball' 
structures in the garnet. The quartz-II and sericite underwent 
recrystallization in the pressure shadow zone in response to 
rotational shear (Pl. VI, Figs. 1, 2). Quartz-I, sericite and 
chlorite were mechanically rotated along AS^ slip surface and 
acquired tectonic anisotropy at acute angle to regional 
foliation (Pl. VI, Fig. 1). 
M. Phase of Metamorphism : 
This is the last phase of metamorphic event and 
petrogenetic evolution of Debari Group of rocks in the Umra 
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area. This phase is manifested by the rise of geo-isotherm 
post-tectonic to AD„ deformative episodes (see Crawford, 1969, 
1970, 1975; Gopalan, et al,, 1979). The geo-isothermal rise 
during this phase led to the basement remobilization and 
emplacement of the Ahar river granite (see Anon, 1981). The 
emplacement of Ahar river granite is subsequently followed by 
the static recrystallization and development of quartz-III, 
chlorite-II, feldspar and plagioclase in the rocks of Debari 
Group, 
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EXPLANATION OF PLATES 
PLATE-I 
Figure-1 Quartz-III exhibiting triple point junction 
and tangential contact. 
(+nic., X6.3). 
Figure-2 Quartzite exhibit mosaic texture. The quartz-I 
grains are anhedral and exhibit sutured contact. 
(+nic., x6.3) . 
Figure-3 Quartz-II occur as a thin zone of equant grains 
and it exhibits sigmoidal outline. It is developed 
in the pressure shadow zone normal to the direction 
of maximum finite shortening in the rock during 
the development of AS^ foliation. 
(4-nic., x6 . 3) . 
PLATE-II 
Figure-1 Quartzite exhibiting tabular grains of muscovite 
and porphyroblast of chlorite-ll. Chlorite-II 
develops post-tectonic to ASo foliation. 
(+nic., x6.3). 
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Figure-2 Sericite (light grey phototone) flakes arranged 
along the quartz grains. Note the change in 
orientation of sericite grains due to progressive 
change in incremental strain. 
{+nic., x6. 3) . 
Figure-3 Calcareous quartzite exhibit microcline. Note 
the inclusion of quartz grains in the microcline. 
Microcline exhibits cross-hatched twinning. 
(+nic., x 5 ) . 
PLATE-III 
Figure-1 
Figure-2 
In calcareous quartzite the quartz grains 
exhibit corroded contacts with the calcite 
grain. Note the intragranular deformation 
twin lamellae and zoning in calcite. 
(+nic., x 5 ) . 
Dolomite exhibits deformed two sets of twin 
lamellae in calcareous quartzite. Note the 
embayment of quartz grains into dolomite. 
{+nic., x 5 ) . 
PLATE-IV 
Figure-1 In quartz-biotite-chlorite-sericite schist the 
AS^ foliation is manifested as closed space 
2 07 
Figure-2 
dislocation planes developed as crenulation 
foliation at an angle to AS- foliation. 
(+nic., x5.3)• 
In chlorite-quartz-biotite schist the chlorite, 
quartz and biotite exhibit fabric anisotropy 
with the regional foliation AS-. 
(+nic., x6.3). 
PLATE-V 
Figure-1 
Figure-2 
In quartz-biotite-chlorite-sericite schist 
the AS3 crenulation foliation intersects the 
regional foliation AS-. Note here also the 
AS- foliation acted as a slip surface. 
(+nic., x5). 
Quartz-biotite-chlorite-sericite schist exhibit 
the mechanical rotation of quartz-I, sericite 
and chlorite-l and their alignment along AS_ 
plane of fissility. 
(+nic., x5). 
PLATE-VI 
Figure-1 Garnetiferous q u a r t z - c h l o r i t e - b i o t i t e sch i s t 
exhib i t ing Si-Se r e l a t ionsh ip in garne t . Si 
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are defined by tectonic anisotropy of quartz 
grains within the garnet porphyroblast which 
exhibit rotation in relation to Se. se are 
defined by preferred orientation of quartz 
and chlorite-I. The garnet developed syntectonic 
to ASo foliation under sinistral shear as is 
evident from the Si-Se relationship. 
(+nic., x5). 
Figure-2 Garnetiferous quartz-chlorite-biotite schist 
exhibit.Si-Se relationship in garnet. Here also 
garnet developed syntectonic to AS^ foliation 
under sinistral shear. Note the development of 
quartz-II in the pressure shadow zone and along 
the periphery of garnet which signify the rotation 
of garnet porphyroblast during progressive 
deformation. 
(+nic., x5). 
PLATE-VII 
Figure-1 Aplo-granite exh ib i t ing o l igoclase ( l i g h t grey 
phototone) in the centre and or thoclase (dark 
grey phototone) on the r igh t top corner of 
photomicrograph. Note the micro displacement 
acrossing the twin lamellae of o l i goc l a se . 
(+n ic . , x 6 . 3 ) . 
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Figure-2 Aplo-granite exhibiting oligoclase in the centre 
of photomicrograph. Note the bending of twin 
lamellae which signify intragranular deformation. 
(+nic., x5.3) . 
PLATE-VIII 
Figure-1 Foliated granite exhibiting the sericitised 
orthoclase in the left top corner of photo-
micrograph. Note the occurrence of fine grained 
quartz and sericite as inclusions within the 
orthoclase. 
(+nic., x5). 
Figure-2 In foliated granite the oligoclase exhibit 
intragranular deformation twin lamellae and 
kink bending in the upper part of photomicrograph 
( + nic., x6.3) . 
Figure-3 In foliated granite the oligoclase exhibit a 
slight bending of the twin lamellae in upper 
part of photomicrograph. Note the embayment of 
quartz grains in oligoclase. 
(+nic., x6.3). 
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PLATE-IX 
Figure-1 Actinolite schist exhibiting the parallel 
arrangement of actinolite, chlorite and quartz 
with the regional foliation AS2 and define the 
fissility in the rock which is generally puckered. 
Note the occurrence of biotite along the hinge 
zone of puckers which exhibit angular relationship 
with the ASp foliation. 
(+nic., x6.3). 
Figure-2 In actinolite schist quartz-I grain exhibit 
fabric anisotropy with the regional foliation 
AS2. 
(+nic., x6.3). 
Figure-3 Actinolite schist exhibit photomicrofault 
between quartz rich and actinolite rich layers. 
(+nic., x5). 
PLATE-X 
Figure-1 Act inol i te s c h i s t exhib i t ing the replacement 
of quartz gra in by porphyroblast of c a l c i t e . 
( + n i c . , x6 . 3) . 
Figure-2 Conglomerate exh ib i t ing bedding cha rac te r s . 
(Hammer for sca le : 35 cms). 
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F l g u r e - 3 AF, i s o c l i n a l f o l d w i t h a c u t e and e x t e n d e d 
h i n g e . 
PLATE-XI 
F i g u r e - 1 
F i g u r e - 2 
F i g u r e - 3 
•Hook f o l d * r e p r e s e n t e d by p r e k i n e m a t i c 
q u a r t z v e i n i n d o l o m i t i c l i m e s t o n e . 
(Pen f o r s c a l e : 14 c m s ) . 
Open to close moderately inclined AF2 fold, 
(Pen for scale : 14 cms). 
Non-cylindrical non-plane AF2 folds. 
PLATE-XII 
Figure-1 AF^ fold occurs as drags fold, 
(Hammer for scale : 35 cms). 
Figure-2 AF^ fold occurs as puckers. 
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ANNEXURES 
ANNEXURE-I 
,A) Three-dimension Measurements of Pebbles. 
S.No. X 
LOCATION-1 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9, 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
7.0 
6.8 
10.6 
5.1 
8.0 
7.2 
4.4 
9.2 
8.9 
5.3 
6.5 
8.0 
8.4 
11 .0 
5.7 
5.8 
7.5 
8.3 
4.1 
6.2 
5.8 
10.3 
11.0 
21.5 
7.3 
8.2 
10.6 
10.7 
LOCATION-2 
1. 
2. 
3. 
4. 
5. 
10,1 
4.5 
7.6 
12 ,3 
5.8 
Y 
3.5 
4.1 
8.3 
3.8 
5.6 
5.2 
3.9 
5.6 
4.1 
3.9 
5.7 
5.3 
5.2 
5.3 
4.1 
4.0 
5.2 
6.7 
3.1 
4.9 
3.4 
6.0 
7.2 
15.7 
5.8 
5,5 
8.2 
6.4 
6.1 
3.6 
6.1 
7.0 
4.7 
Z 
2.5 
3.3 
4.3 
3.3 
2.9 
3.7 
3.4 
4.1 
2.6 
2.2 
3.0 
3.4 
3.1 
3.3 
2.4 
2.4 
3.2 
4.7 
2.2 
3.4 
3.0 
3.4 
4.5 
8.0 
4.8 
3.9 
5.2 
5.1 
4.4 
3.3 
4.0 
4.8 
2.4 
S.No. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
X 
8.0 
8.0 
7.1 
6.2 
10.1 
5.2 
4.8 
5.2 
5.7 
15.6 
5.7 
6.0 
7.2 
2.6 
8.0 
6.6 
8.9 
5.1 
5.7 
7.6 
5.9 
9.7 
3.9 
LOCATION-3 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
6.3 
11.5 
4.2 
11.1 
8.3 
8.8 
4.5 
6.0 
3.7 
4.0 
11.0 
12.5 
Y 
5.8 
4.0 
4.8 
3.5 
5.9 
3.6 
3.0 
3.0 
4.0 
9.9 
3.6 
3.7 
5.0 
2.7 
5.9 
4.7 
5.7 
3.2 
4.0 
6.0 
3.5 
4.6 
3.1 
3.8 
7.2 
2.6 
7.5 
5.5 
5.5 
3.5 
3.9 
3.0 
3.0 
6.7 
8.9 
Z 
4.2 
3.3 
3.2 
2.6 
5.0 
1.9 
2.6 
2.2 
2.0 
4.8 
2.2 
2.3 
4.2 
2.1 
5.0 
2.8 
3.1 
1.5 
1.7 
3.0 
2.9 
3.0 
2.1 
3.3 
5.5 
2.0 
4.4 
4.6 
4.4 
2.2 
3.1 
1.7 
2.3 
5.0 
5.5 
continued. 
S.No. 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
X 
1 0 . 0 
6 . 4 
7 . 5 
4 . 0 
5 . 4 
2 . 9 
4 . 8 
5 . 6 
7 . 2 
7 . 0 
6 . 0 
5 . 7 
5 . 3 
4 . 7 
6 . 4 
LOCATION-4 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 , 
2 2 . 
2 3 , 
2 4 . 
1 2 . 5 
5 . 3 
5 . 0 
3 . 2 
1 0 . 8 
5 . 0 
1 0 . 1 
5 . 2 
4 . 7 
1 0 . 5 
1 1 . 5 
3 . 6 
5 . 2 
3 . 7 
1 0 . 2 
8 . 8 
5 . 3 
5 . 1 
5 . 6 
7 . 0 
5 . 2 
5 . 1 
6 . 1 
1 0 . 1 
Y 
5 . 8 
4 . 2 
5 . 2 
2 . 5 
3 . 4 
2 . 2 
3 . 4 
3 . 2 
4 . 9 
3 . 2 
3 . 1 
2 . 6 
3 . 4 
2 . 8 
4 . 0 
6 . 5 
4 . 5 
2 . 8 
2 . 5 
6 . 6 
2 . 5 
6 . 5 
2 . 8 
3 . 3 
7 . 2 
6 . 0 
2 . 9 
4 . 1 
2 . 6 
9 . 0 
5 . 1 
3 . 0 
4 . 0 
3 . 8 
5 . 1 
3 . 7 
4 . 0 
3 . 8 
6 . 8 
Z 
5 . 1 
2 . 8 
3 . 5 
2 . 1 
2 .6 
1 . 4 
3 . 0 
2 . 6 
3 . 0 
2 . 4 
2 . 5 
1 . 5 
2 . 0 
1 . 1 
3 . 0 
4 . 8 
2 , 5 
1 . 8 
2 . 0 
5 . 6 
1 . 9 
5 . 0 
2 . 0 
2 . 5 
3 . 6 
4 . 3 
2 . 0 
2 . 6 
2 . 3 
5 . 6 
4 . 0 
2 . 2 
2 . 7 
2 . 7 
4 . 0 
1 .6 
2 . 0 
3 . 1 
3 . 7 
S.No. 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
X 
6 . 6 
7 . 0 
8 . 4 
3 . 8 
8 . 6 
5 . 0 
1 2 . 1 
LOCATION-5 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 , 
3 1 . 
3 2 . 
3 3 . 
7 . 4 
1 1 . 0 
9 . 0 
5 . 1 
9 . 3 
9 . 3 
6 . 6 
6 . 1 
6 . 1 
9 . 3 
6 . 8 
3 . 0 
3 . 5 
6 . 6 
6 . 7 
1 2 . 5 
5 . 8 
1 2 . 3 
6 . 0 
1 3 . 5 
6 . 2 
7 . 2 
5 . 5 
4 . 5 
1 1 . 0 
7 . 5 
10 .5 
10 .4 
3 . 2 
6 . 3 
6 . 5 
9 . 2 
1 1 . 5 
Y 
5 . 2 
4 . 8 
5 . 5 
2 . 5 
5 . 1 
2 . 9 
7 . 5 
4 . 0 
4 . 7 
5 . 8 
3 . 2 
6 . 0 
6 . 2 
3 . 5 
3 . 8 
4 . 4 
6 . 4 
4 . 8 
2 . 5 
2 . 4 
4 . 5 
3 . 9 
8 . 5 
4 . 0 
8 . 7 
3 . 6 
9 . 4 
2 . 7 
4 . 6 
3 . 3 
2 . 8 
6 . 1 
6 . 2 
6 . 1 
5 . 4 
2 . 0 
3 . 7 
4 . 4 
4 . 8 
8 . 0 
c o n t i n u e d . . . . 
Z 
3 . 2 
3 . 8 
4 . 0 
1 . 8 
2 . 9 
1 . 8 
4 . 4 
2 . 9 
3 . 2 
2 . 8 
2 . 5 
3 . 3 
3 . 1 
2 . 2 
2 . 1 
2 . 8 
2 . 8 
2 . 6 
1 . 3 
1 .9 
2 . 3 
2 . 1 
6 . 6 
3 . 1 
3 . 1 
2 . 8 
4 . 2 
1 .4 
2 . 2 
2 . 7 
2 . 2 
3 . 2 
4 . 2 
4 . 3 
3 . 3 
1 .5 
2 . 4 
2 . 5 
3 . 0 
4 . 6 
S.No. S .No . X 
LOCATION-6 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
9 . 9 
6 . 7 
6 . 8 
4 . 6 
6 . 3 
8 . 3 
9 . 8 
3 . 9 
7 . 6 
1 2 . 6 
1 4 . 7 
7 . 5 
6 . 7 
9 . 2 
9 . 4 
5 . 2 
6 . 6 
6 . 0 
4 . 1 
4 . 5 
1 6 . 3 
1 3 . 0 
6 . 5 
5 . 7 
3 . 1 
9 . 0 
5 . 6 
4 . 7 
4 . 1 
9 . 5 
5 . 0 
3 . 8 
3 . 5 
4 . 5 
8 . 0 
9 . 9 
5 . 6 
5 . 0 
7 . 0 
2 . 3 
1 0 . 2 
5 . 0 
3 . 3 
3 . 0 
3 . 0 
3 . 5 
5 . 2 
5 . 6 
2 . 3 
7 . 0 
6 . 7 
7 . 0 
5 . 0 
3 . 6 
5 . 1 
4 . 2 
3 . 6 
4 . 1 
3 . 0 
2 . 8 
2 . 7 
9 . 5 
8 . 0 
3 . 7 
3 . 7 
2 . 1 
5 . 6 
4 . 3 
2 . 5 
2 . 0 
5 . 7 
3 . 0 
2 . 5 
2 . 1 
2 . 7 
5 . 6 
6 . 0 
4 . 0 
3 . 2 
4 . 1 
2 . 0 
8 . 0 
3 . 5 
2 . 9 
2 . 3 
2 . 5 
2 . 8 
3 . 9 
2 . 8 
1 . 9 
5 . 3 
5 . 1 
5 . 2 
4 . 0 
2 . 3 
3 . 4 
3 . 1 
2 . 8 
3 . 4 
2 . 2 
1 .7 
2 . 5 
5 . 9 
4 . 4 
2 . 8 
2 . 5 
1 .6 
4 . 4 
3 . 8 
2 . 0 
1 , 6 
4 . 5 
2 . 2 
2 . 0 
1 . 6 
2 . 2 
3 . 5 
4 . 7 
3 . 0 
2 . 1 
3 . 3 
1 . 4 
4 . 5 
LOCATION-7 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
2 3 . 0 
9 . 3 
8 . 0 
5 . 9 
7 , 4 
6 . 4 
6 . 9 
8 . 1 
5 . 8 
7 . 0 
5 . 2 
7 . 5 
4 . 7 
3 . 9 
7 . 4 
5 . 1 
7 . 7 
3 . 0 
4 . 5 
4 . 0 
6 . 0 
5 . 3 
1 4 . 2 
5 . 0 
6 . 5 
8 . 0 
4 . 8 
4 . 0 
9 . 7 
8 . 7 
1 2 . 4 
8 . 0 
1 2 . 0 
6 . 0 
4 . 2 
5 . 8 
4 . 2 
7 . 0 
3 . 6 
4 . 5 
7 . 6 
1 2 . 5 
5 . 2 
4 . 4 
3 . 2 
4 . 3 
3 . 0 
4 . 2 
4 . 5 
3 . 3 
3 . 2 
3 . 2 
4 . 5 
4 . 0 
2 . 6 
6 . 1 
2 . 6 
5 . 0 
2 . 1 
2 . 6 
2 . 4 
3 . 0 
2 . 8 
6 . 7 
2 . 8 
4 . 0 
5 . 1 
3 . 0 
2 . 8 
4 . 9 
6 . 0 
5 . 5 
5 . 9 
8 . 5 
4 . 5 
2 . 6 
4 . 1 
2 . 8 
5 . 0 
2 . 6 
3 . 1 
4 . 1 
1 0 . 3 
4 . 3 
2 . 6 
1 . 8 
2 . 8 
2 . 7 
3 . 0 
3 . 3 
3 . 0 
2 . 8 
2 . 6 
3 . 5 
2 . 6 
2 . 2 
5 . 7 
2 . 1 
3 . 4 
1 .6 
2 . 2 
1 . 6 
2 . 1 
2 . 3 
4 . 0 
2 . 3 
2 . 0 
3 . 3 
2 . 1 
2 . 0 
3 . 6 
5 . 0 
4 . 6 
3.5-
5 . 5 
2 . 6 
1 . 8 
2 . 7 
1 . 7 
4 . 2 
1 .7 
1 .9 
3 . 5 
con t inued . . . 
S.NO S.No. 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
4 7 . 
4 8 . 
4 9 . 
5 0 . 
5 1 . 
5 . 4 
3 . 0 
5 . 0 
4 . 0 
4 . 2 
4 . 7 
7 . 1 
2 . 7 
3 . 7 
5 . 0 
LOCATION-8 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
9 . 8 
1 0 . 0 
6 . 5 
6 . 5 
1 0 . 7 
1 3 . 0 
6 . 7 
1 3 . 0 
4 . 2 
4 . 7 
1 5 . 7 
1 3 . 8 
2 1 . 6 
4 . 0 
9 . 7 
1 0 . 5 
1 3 . 5 
1 2 . 1 
1 9 . 2 
6 . 0 
1 0 . 3 
4 . 0 
1 0 . 7 
1 4 . 2 
14 ,7 
2 0 . 5 
6 . 8 
4 . 5 
2 . 1 
2 . 2 
2 . 8 
3 . 3 
2 . 7 
3 . 0 
4 . 5 
1 .9 
2 . 6 
3 . 0 
6 . 4 
5 . 5 
4 . 3 
4 . 0 
7 . 3 
9 . 2 
4 . 1 
9 . 8 
3 . 0 
3 . 3 
9 . 8 
6 . 7 
12 .4 
3 . 1 
5 . 8 
6 . 8 
7 . 4 
8 . 3 
9 . 9 
4 . 5 
6 . 3 
3 . 0 
5 . 0 
7 . 6 
7 . 8 
1 7 . 0 
4 . 5 
3 . 3 
1 . 8 
1 . 6 
2 . 6 
2 . 7 
2 . 0 
2 . 1 
3 . 5 
0 . 5 
2 . 2 
2 . 5 
3 . 0 
3 . 7 
2 . 8 
3 . 7 
4 . 5 
5 . 4 
3 . 3 
6 . 3 
2 . 1 
2 . 2 
6 . 7 
4 . 6 
9 . 6 
2 . 5 
3 . 4 
4 . 6 
4 . 3 
6 . 0 
4 . 7 
2 . 7 
5 . 0 
2 . 1 
3 . 7 
5 . 2 
6 . 0 
7 . 9 
3 . 2 
2 . 2 
LOCATION-9 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 , 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
1 0 . 8 
6 . 5 
2 2 . 3 
7 . 6 
6 . 5 
1 0 . 6 
2 0 . 5 
6 . 7 
1 4 . 6 
2 1 . 0 
8 . 8 
6 . 2 
6 . 7 
4 . 0 
1 0 . 5 
4 . 6 
1 1 . 7 
4 . 8 
2 0 . 3 
12 .5 
6 . 8 
6 . 3 
13 .2 
1 0 . 5 
2 1 . 3 
1 5 . 0 
8 . 6 
1 2 . 0 
1 6 . 7 
5 . 7 
1 2 . 4 
4 . 5 
1 0 . 8 
6 . 0 
15 .6 
2 2 . 5 
7 . 3 
1 0 . 3 
4 . 5 
12 .2 
7 . 5 
4 . 2 
1 3 . 8 
4 . 6 
3 . 9 
8 . 3 
1 4 . 5 
5 . 8 
1 1 . 3 
1 5 . 7 
6 . 7 
4 . 5 
5 . 6 
3 . 3 
7 . 7 
3 . 8 
8 . 1 
3 . 7 
1 6 . 8 
1 0 . 3 
4 . 7 
3 . 7 
1 0 . 7 
8 . 2 
1 5 . 6 
1 2 . 3 
6 . 5 
9 . 1 
12 .2 
3 . 6 
8 . 3 
3 . 0 
7 . 8 
4 . 5 
1 0 . 7 
1 7 . 3 
4 . 6 
7 . 5 
3 . 3 
9 . 5 
5 . 2 
3 . 3 
9 . 5 
3 . 0 
2 . 3 
6 . 4 
1 1 . 7 
3 . 7 
9 . 4 
12 .2 
6 . 0 
3 . 2 
3 . 4 
2 . 1 
5 . 3 
2 . 2 
6 . 0 
3 . 1 
1 1 . 7 
8 . 5 
3 . 3 
3 . 5 
8 . 6 
6 . 5 
10 .7 
8 . 6 
4 . 7 
7 . 0 
9 . 6 
2 . 0 
6 . 3 
2 . 2 
6 . 3 
3 . 2 
8 . 3 
12 .6 
3 . 3 
3 . 7 
2 . 0 
5 . 5 
con t inued . . . 
S.NO. X 
LOCATION-10 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
13.6 
10.7 
4.6 
9.8 
4.8 
10.2 
6.7 
20.5 
11.3 
9.4 
4.9 
10.6 
13.8 
6.7 
14.3 
5.7 
12.5 
6.4 
13.9 
17.2 
5.7 
4.5 
9.5 
10.8 
12.2 
6.2 
LOCATION-11 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8, 
9. 
10. 
6.2 
10.6 
12.3 
21.2 
4.6 
10.5 
9.5 
14.5 
6.6 
4.2 
Y 
9.6 
7.6 
3.2 
6.5 
3.7 
7.7 
3.8 
17.1 
9.0 
6.5 
3.7 
7.7 
9.2 
3.6 
10.5 
3.7 
9.6 
4.7 
9.6 
9.8 
3.6 
3.0 
6.7 
8.7 
8.9 
4.6 
4.5 
6.7 
8.3 
15.8 
3.2 
7.7 
6.6 
12.2 
3.8 
3.0 
Z 
6.7 
5.5 
2 ,1 
4.2 
3.1 
4.8 
3.2 
14.3 
6.5 
4.0 
3.3 
4.6 
5.5 
3.2 
6.7 
2.8 
5.7 
3.2 
6.4 
7.2 
3.1 
2 .2 
4.5 
5.6 
5.9 
3.4 
3.3 
6.2 
6.5 
12.2 
3.0 
7.0 
3.7 
8.6 
2 .8 
2 .7 
S.No. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21 . 
22. 
23. 
24. 
X 
6.2 
3.0 
9.2 
9.4 
4.5 
10.7 
10.0 
20.5 
5.3 
4.3 
7.5 
7.0 
10.2 
8.6 
LOCATION-12 
1 . 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
3.8 
11.5 
6.3 
7.2 
10.0 
15.5 
6.7 
17.3 
4.3 
6.5 
10.6 
20.2 
6.8 
10.4 
9.0 
7.6 
6.9 
13.4 
11.5 
6.0 
15.8 
6.2 
14.3 
8.9 
Y 
4.6 
2.5 
6.7 
7.2 
3.6 
6.4 
6.7 
15.7 
3.2 
3.6 
4 .6 
4.2 
6.9 
5.4 
2 .6 
7.4 
4.2 
4.7 
6.5 
9.6 
4 .2 
12.5 
3.3 
3.8 
3.5 
15.5 
4.7 
6.8 
5.5 
4.7 
4.8 
9.5 
9.2 
4.2 
10.5 
3.9 
8.8 
6.0 
Z 
3.4 
2.0 
5.3 
4.6 
2.5 
4.2 
4.5 
10.3 
2.5 
2.2 
3.3 
3.1 
4.6 
4.2 
2 .2 
4.6 
3.3 
3.5 
4.2 
5.7 
3.4 
9.6 
2.6 
2.8 
2.7 
10.3 
3.6 
4.2 
3.8 
3.5 
3.6 
4.8 
4.6 
3.4 
7.6 
3.3 
5.3 
3.5 
con t inued . . . 
S.NO. 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
X 
1 2 . 4 
6 . 4 
1 0 . 2 
8 . 5 
1 2 . 6 
7 . 5 
6 . 5 
5 . 4 
LOCATION-13 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
9 . 6 
4 . 5 
6 . 5 
1 0 . 6 
8 . 2 
4 . 2 
6 . 0 
5 . 2 
8 . 6 
Y 
8 . 6 
3 . 5 
6 . 0 
6 . 4 
8 . 2 
5 . 5 
4 . 4 
3 . 2 
5 . 4 
3 . 2 
3 . 8 
7 . 2 
5 . 7 
3 . 2 
3 . 5 
4 . 0 
5 . 2 
Z 
5 . 2 
2 . 6 
4 . 5 
3 . 8 
6 . 5 
3 . 2 
3 . 4 
2 . 5 
3 . 6 
2 . 2 
3 . 0 
5 . 3 
4 . 2 
2 . 2 
2 . 3 
3 . 2 
3 . 0 
S . N O . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
X 
1 0 . 2 
8 . 4 
6 . 3 
4 . 6 
9 . 5 
6 . 3 
1 0 . 2 
6 . 6 
4 . 2 
3 . 8 
7 . 5 
8 . 2 
5 . 7 
4 . 4 
3 . 4 
8 . 4 
8 . 0 
6 . 4 
9 . 5 
3 . 8 
Y 
7 . 7 
5 . 4 
3 . 7 
3 . 3 
6 . 2 
4 . 4 
6 . 6 
5 . 0 
3 . 4 
3 . 0 
5 . 4 
6 . 5 
3 . 6 
3 . 2 
2 . 7 
5 . 3 
5 . 2 
3 . 7 
6 . 7 
2 . 6 
Z 
5 . 3 
3 . 2 
2 . 4 
2 . 0 
4 . 4 
2 . 8 
4 . 5 
3 . 8 
2 . 2 
2 . 4 
3 . 3 
3 . 6 
2 . 8 
3 . 0 
2 . 1 
4 . 5 
3 . 8 
2 . 2 
5 . 1 
2 . 0 
1 0 . 8 . 2 5 . 0 3 .4 
( B ) Two-dimension Measurements of Pebbles 
S .No. Y 
LOCATION-1 
1. 
2. 
3. 
4. 
5, 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
5.5 
6.0 
7.7 
10.3 
3.7 
7.5 
5.6 
4.7 
4.0 
2.5 
10.1 
9.1 
6.0 
3.1 
6.9 
5.4 
25.4 
11.0 
5.5 
5.1 
17.1 
9.0 
23.4 
5.0 
6.5 
2.0 
3.6 
3.0 
23.7 
5.8 
LOCATION-2 
1. 
2. 
3. 
4, 
5. 
6. 
9.8 
3.5 
3.9 
18.4 
6.3 
2.8 
Z 
3.2 
3.3 
5.2 
5.6 
3.0 
4.2 
4.5 
3.1 
2.1 
1.6 
5.8 
2.5 
4.3 
1.6 
4.0 
3.3 
9.2 
5.0 
3.0 
2.5 
6.4 
2.9 
6.8 
2.2 
2.6 
1,7 
1.5 
1.6 
9.2 
2.8 
2.3 
2.0 
2.2 
5.1 
2.1 
2.2 
RaV:e 
angle 
5 
20 
10 
15 
15 
5 
30 
50 
15 
20 
50 
20 
10 
5 
15 
15 
10 
15 
15 
10 
50 
50 
20 
5 
10 
5 
15 
10 
60 
12 
10 
15 
5 
20 
10 
30 
S.NO. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
Y 
4.9 
4.7 
3.1 
4.5 
2.7 
3.1 
2.8 
3.0 
5.1 
3.5 
4.1 
5.6 
5.7 
9.5 
10.3 
7.4 
6.0 
4.1 
2.4 
5.5 
1.8 
3.6 
3.0 
1.2 
1.4 
LOCATION-3 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
12.0 
4.1 
13.2 
9.0 
5.1 
5.7 
7.2 
15.2 
15.0 
2.4 
4.3 
11.0 
5.2 
Z 
2.6 
2.4 
2.2 
3.8 
2.3 
2.1 
2.4 
2.6 
4.3 
2.0 
1.6 
1.9 
2.7 
5.7 
6.5 
3.4 
2.3 
2.6 
1.8 
4.2 
1.4 
2.8 
1.8 
0.^ 
1.1 
8.2 
2.1 
6.9 
4.5 
3.1 
4.2 
4.8 
10.0 
7.5 
1.5 
3.2 
9.7 
2.3 
Rake 
angle 
15 
50 
30 
15 
5 
15 
20 
20 
5 
30 
30 
40 
5 
10 
10 
55 
20 
5 
30 
15 
55 
35 
60 
20 
40 
20 
30 
15 
5 
10 
55 
30 
5 
10 
10 
15 
50 
20 
con t i nued . 
S.NO. Rake 
angle S.NO. 
Rake 
angle 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27, 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
7.7 
2.9 
9.0 
8.2 
2.7 
9.0 
3.7 
11.6 
3.2 
10.7 
4.5 
4.8 
7.2 
6.0 
4.5 
6.7 
5.5 
10.3 
6.8 
6.7 
10.2 
13.5 
5.7 
6.0 
8.7 
6.3 
10.7 
6.5 
12.6 
5.2 
8.9 
7.3 
4.6 
8.6 
10.6 
6.9 
3.3 
3.6 
10.5 
11.3 
4.7 
3.7 
1.9 
6.0 
5.5 
1.7 
7.2 
2.6 
7.0 
1.7 
4.0 
3.7 
2.2 
3.6 
3.8 
3.0 
3.6 
3.2 
8.5 
4.6 
3.3 
7.5 
10.7 
3.4 
4.6 
5.8 
4.5 
6.8 
3.2 
9.6 
3.3 
6.7 
4.5 
3.3 
5.4 
8.3 
5.5 
2.7 
2.3 
7.6 
8.7 
3.3 
5 
60 
60 
50 
50 
20 
70 
5 
15 
30 
20 
60 
20 
60 
50 
15 
20 
25 
20 
40 
20 
25 
50 
15 
60 
50 
40 
90 
5 
10 
60 
20 
55 
20 
80 
60 
20 
50 
15 
45 
10 
LOGATION-4 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
6.4 
10.7 
10.5 
3.0 
10.5 
6.7 
6.4 
7.5 
12.8 
10.2 • 
23.6 
6.2 
12.6 
5.3 
5.2 
3.2 
4.5 
6.4 
11.3 
3.4 
4.2 
4.6 
6.4 
6.3 
5.2 
3.2 
9.8 
9.0 
6,7 
3.8 
3.4 
10.5 
8.2 
8.6 
6,5 
3.6 
3.6 
4.7 
5.8 
3.2 
2.7 
9.2 
4.2 
3.7 
5.6 
7.9 
7.5 
8.7 
4,5 
10,5 
4,7 
3.0 
2,1 
3.0 
3.3 
9.3 
3.1 
3.4 
3,2 
3,6 
3,2 
3.5 
2,7 
5,7 
5,2 
4.5 
2.2 
2.0 
7.5 
6.4 
6.4 
3.6 
2.2 
2.5 
60 
5 
10 
90 
15 
55 
5 
80 
50 
50 
20 
10 
70 
50 
30 
5 
5 
10 
50 
30 
10 
20 
25 
10 
50 
5 
60 
60 
10 
90 
10 
80 
30 
35 
5 
15 
60 
continued.... 
S.No. 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
4 2 . 
S.No. 
X 
4 . 5 
4 . 5 
7 . 6 
6 . 2 
3 . 6 
X 
LOCATION-5 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
12 . 1 3 . 
1 4 . 
15 . 1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
1 5 . 4 
1 0 . 0 
1 4 . 4 
1 5 . 0 
7 . 0 
1 3 . 0 
1 7 . 2 
8 . 3 
9 . 5 
6 . 2 
1 8 . 5 
17 .4 1 8 . 5 
1 3 . 7 
1 5 . 4 1 8 . 8 
9 . 6 
1 3 . 8 
1 7 . 6 
1 3 . 5 
1 7 . 7 
1 3 . 8 
1 8 . 3 
1 4 . 4 
1 4 . 2 
1 9 . 3 
1 8 . 2 
1 4 . 3 
Y 
3 . 2 
3 . 3 
5 . 2 
3 . 8 
2 . 6 
Z 
3 . 2 
2 . 4 
3 . 1 
5 , 6 
2 . 1 
1 .9 
6 . 6 
2 . 5 
3 . 6 
2 . 3 
6 . 7 
6 .2 7 . 0 
2 . 9 
3 . 3 
7 . 6 
3 . 2 
2 . 7 
5 . 6 
2 . 4 
7 . 0 
2 . 6 
7 . 2 
3 . 7 
2 . 9 
8 . 6 
7 . 0 
3 . 1 
Rake 
a n g l e 
6 
1 0 
2 0 
6 0 
50 
Rake 
angle 
30 
30 
10 
5 
30 
15 
5 
2 0 
10 
5 
30 
5 
2 0 
45 
1 0 
2 0 
25 
15 
2 0 
45 
15 
5 
20 
10 
2 0 
1 0 
25 
2 0 
S.No. 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
4 2 , 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
4 7 . 
4 8 . 
4 9 . 
5 0 . 
5 1 . 
S.No. 
X 
1 5 . 2 
1 8 . 4 
1 3 . 7 
1 4 . 1 
1 9 . 5 
1 8 . 6 
1 3 . 6 
1 3 , 4 
1 9 . 7 
1 0 . 6 
1 3 . 7 
1 5 . 7 
8 . 5 
1 9 . 3 
1 3 . 8 
8 . 4 
9 . 2 
1 3 . 7 
1 8 . 5 
1 9 . 2 
1 6 . 8 
1 4 . 3 
1 8 . 8 
X 
LOCATION-6 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
8 . 2 
1 8 . 8 
3 . 2 
2 . 5 
4 . 7 
8 . 0 
4 . 2 
9 . 3 
Z 
4 . 0 
7 . 3 
2 . 2 
3 . 0 
8 . 2 
7 . 3 
2 . 4 
3 .0 
8 .2 
8 .4 
2 . 5 
4 . 4 
2 . 7 
8 . 5 
2 . 7 
1 .6 
1 . 8 
2 . 8 
7 . 3 
7 . 0 
5 . 5 
3 . 7 
7 . 7 
Y 
7 . 0 
7 . 3 
2 . 7 
1 , 7 
3 . 9 
4 . 3 
2 . 9 
3 . 2 
Rake 
a n g l e 
15 
60 
50 
20 
10 
30 
20 
6 0 
20 
10 
20 
60 
30 
30 
5 
6 0 
20 
5 
10 
20 
25 
6 0 
5 
Rake 
a n g l e 
10 , 
5 
10 
2 0 
5 
20 
20 
20 
c o n t i n u e d . . . . 
S.No. 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 , 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 , 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
4 7 . 
4 8 . 
X 
6 . 7 
3 . 7 
3 . 9 
6 . 2 
7 . 9 
7 . 0 
6 . 9 
8 . 2 
9 . 1 
4 . 7 
5 . 6 
5 . 2 
1 0 . 5 
1 0 . 8 
1 9 . 8 
5 . 6 
6 . 8 
1 2 . 5 
4 . 3 
2 . 5 
4 . 5 
4 . 2 
9 . 3 
5 . 1 
6 . 2 
3 . 7 
4 . 7 
3 . 3 
6 . 7 
3 . 5 
2 . 7 
4 . 6 
3 . 8 
2 . 4 
9 . 5 
8 . 8 
4 . 4 
3 . 0 
8 . 5 
1 0 . 0 
Y 
5 . 7 
2 . 4 
2 . 6 
4 . 4 
6 . 8 
2 . 3 
5 . 5 
7 . 3 
8 . 0 
3 . 2 
4 . 2 
3 . 9 
3 . 6 
9 . 2 
8 . 5 
2 . 8 
5 . 7 
1 0 . 0 
2 . 3 
1 .7 
3 . 3 
3 . 0 
8 . 5 
3 . 7 
5 . 0 
2 . 2 
3 . 5 
2 , 9 
5 . 2 
2 . 6 
1 . 8 
3 . 3 
2 . 9 
1 . 6 
8 . 2 
7 . 7 
3 . 2 
2 . 6 
7 . 2 
8 . 5 
Rake 
a n g l e 
5 
4 
1 0 
2 0 
25 
2 0 
5 
20 
1 0 
30 
1 0 
65 
30 
1 0 
5 
2 0 
5 
5 
1 0 
5 
2 0 
6 0 
4 0 
5 0 
6 0 
5 
25 
30 
2 0 
4 
1 0 
20 
6 0 
1 0 
5 
5 
2 0 
1 0 
2 0 
2 0 
S .No. 
LOCATION-
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 , 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
21 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 , 
2 7 . 
2 8 , 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 , 
3 7 , 
Y 
-7 
8 , 5 
9 , 0 
4 , 3 
4 , 4 
5 , 3 
3 , 6 
5 . 0 
6 . 2 
8 . 5 
3 . 6 
4 . 2 
5 . 3 
3 . 7 
3 . 5 
1 4 . 6 
5 . 8 
6 . 3 
7 . 7 
3 . 8 
3 . 4 
3 . 7 
1 0 . 2 
1 9 . 6 
4 . 2 
1 9 . 3 
8 . 5 
9 . 3 
3 . 4 
4 . 2 
8 . 8 
9 . 4 
7 . 2 
3 . 8 
8 . 4 
9 . 2 
5 . 2 
6 . 8 
Z 
7 . 2 
7 . 4 
2 . 7 
3 . 9 
4 . 2 
2 . 9 
3 . 7 
5 . 5 
7 . 0 
2 . 2 
3 . 4 
4 . 0 
2 . 8 
2 . 1 
3 . 7 
4 . 0 
5 , 0 
6 . 7 
2 . 6 
2 . 0 
2 . 6 
9 . 0 
8 . 7 
2 . 9 
8 . 0 
7 , 2 
8 . 2 
2 . 5 
3 . 0 
7 . 5 
8 . 0 
5 . 5 
2 . 4 
7 . 1 
8 . 0 
3 . 6 
5 . 7 
Rake 
a n g l e 
6 0 
60 
2 0 
10 
5 
2 0 
5 0 
5 0 
25 
30 
5 
50 
25 
20 
20 
30 
5 
6 0 
60 
10 
5 
4 
3 
50 
25 
20 
10 
5 
60 
50 
5 
60 
4 
30 
10 • 
5 
60 
cont inued. . 
S.No. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
Y 
3.7 
5.5 
9.6 
10.6 
5.2 
6.4 
8.8 
9.5 
8.9 
3.9 
4.6 
3.9 
26.2 
6.9 
5.6 
4.9 
15.6 
10.5 
9.6 
5.7 
3.6 
9.7 
9.9 
8.5 
5.8 
6.6 
3.6 
3.7 
7,4 
Z 
2.2 
3.6 
8.2 
9.0 
3.9 
5.3 
7.7 
8.0 
7.6 
2.6 
3.0 
2.8 
5.0 
5.7 
4.2 
3.8 
4.0 
9.8 
8.2 
3.4 
2.7 
8.0 
8.3 
7.0 
3.6 
5.0 
2.2 
2.1 
6.6 
Rake 
angle 
60 
65 
10 
4 
20 
10 
30 
5 
60 
50 
10 
5 
15 
60 
10 
5 
10 
50 
4 
10 
30 
5 
20 
5 
60 
50 
10 
60 
60 
ANNEXURE-II 
Deviatoric Strain Parameters 
S.No. 
_/ ( X\)D 
LOCATION-1 
1 . 
2 . 
3 . 
4 . 
5 , 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
3 . 5 5 3 
3 .012 
2 . 9 3 1 
2 . 5 5 6 
3 .159 
2 . 7 8 3 
2 . 2 6 9 
3 . 0 9 0 
3 . 9 0 3 
3 .970 
2 . 7 0 3 
3 .052 
3 .272 
3 . 8 1 1 
2 . 9 7 9 
3 . 0 3 8 
3 .002 
2 . 5 9 6 
3 .702 
2 . 6 4 3 
2 . 9 7 7 
3 .465 
3 . 1 0 3 
3 . 0 8 8 
2 , 4 8 3 
2 . 9 2 7 
2 .762 
3 . 0 3 8 
LOCATION-2 
1 . 
2 . 
3 . 
4 . 
3 .122 
2 . 3 8 9 
2 . 6 6 5 
3 .302 
V< XI)D 
1.776 
1.816 
2 .295 
1.904 
2 . 2 1 1 
2 . 0 1 0 
2 . 0 1 1 
1 .881 
1 .798 
2 .186 
2 .371 
2 .022 
2 .025 
1.836 
2 .143 
2 .095 
2 . 0 8 1 
2 .096 
2 . 0 4 3 
2 .089 
1.745 
2 . 0 1 8 
2 .031 
2 .255 
1,973 
1.963 
2 .137 
1.817 
1.885 
1.911 
2 .139 
1.879 
_ / ( M ) D 
1.269 
1.462 
1.189 
1.654 
1 .145 
1 .430 
1 .753 
1 .377 
0 .876 
1 .233 
1 .247 
1,297 
1.2 07 
1 .143 
1.254 
1.257 • 
1 .281 
1 .470 
1 .450 
1 .449 
1 .540 
1.144 
1.269 
1 .149 
1 .633 
1.392 
1 .355 
1 .448 
1 .360 
1,752 
1 .403 
1 .288 
S.No. 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 , 
_ / (X \>D 
2 . 8 7 9 
2 . 760 
3 . 3 8 5 
2 . 9 7 3 
3 .2 34 
3 .024 
3 .163 
2 . 8 7 0 
3 .201 
3 .191 
3 .447 
3.2 02 
3 .236 
2 . 7 0 3 
2 .122 
2 .589 
2 . 9 8 1 
3 . 2 9 8 
3 .514 
3 .368 
2 . 9 5 0 
3 .016 
3 . 7 9 3 
2 . 6 5 4 
LOCATION-3 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
2 . 9 3 7 
2 . 9 9 0 
3 ,006 
3 . 1 0 3 
2 . 7 9 3 
2 . 9 4 8 
2 . 7 6 0 
2 . 8 7 7 
2 .779 
2 . 6 4 7 
3 .069 
«/<A2)j5 
2 . 3 3 3 
2 . 0 0 1 
1.692 
2 . 0 1 0 
1.825 
1.766 
2 .189 
1.794 
1.847 
2 .2 39 
2 .187 
2 .022 
1.995 
1.877 
2 .2 04 
1 .910 
2 .122 
2 .112 
2 ,2 05 
2 .364 
2 .329 
1.789 
1.798 
2 . 1 1 0 
1.771 
1.872 
1.861 
2 .096 
1.851 
1.84 2 
2 .147 
1.870 
2 . 2 5 3 
1.985 
1.869 
./( M D 
1.191 
1 .449 
1 .396 
1.34 0 
1.356 
1 .497 
1.155 
1.555 
1.354 
1.119 
1 .060 
1.235 
1 .240 
1 .577 
1.714 
1 .618 
1.264 
1 .148 
1 .033 
1.004 
1.164 
1 .482 
1 .173 
1.429 
1 .538 
1 .430 
1 .431 
1.230' 
1 .548 
1.474 
1 .349 
1.486 
1.277 
1 .522 
1.395 
con t inued , , , , 
s.No. /^TATTp _AJaT^ _/T\iTD S.NO. _/rK^^ - /"^^"^D - /^">^ D 
12. 
13, 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
2. 
3. 
3, 
2, 
2, 
2, 
2, 
2, 
3, 
3, 
3, 
3. 
4, 
3, 
3, 
945 
002 
031 
913 
900 
978 
796 
624 
112 
044 
709 
338 
056 
210 
858 
3 . 0 1 1 
LOCATION-4 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 , 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 , 
1 5 . 
1 6 , 
1 7 , 
1 8 , 
1 9 . 
2 0 . 
2 1 , 
, 421 
, 613 
,412 
. 541 
, 9 3 3 
. 479 
. 9 2 8 
. 3 8 1 
. 777 
. 2 4 0 
. 216 
. 6 1 6 
. 7 2 8 
. 6 3 7 
. 5 4 6 
. 1 2 0 
. 2 4 1 
. 6 8 1 
. 9 0 3 
. 6 7 8 
2. 
1, 
1, 
2, 
1, 
1, 
2 
1 
1 
2 
1 
1 
1 
2 
2 
097 
741 
989 
02 0 
812 
875 
121 
858 
778 
,071 
695 
725 
850 
059 
298 
1.822 
.779 
,218 
.911 
.985 
.792 
.739 
.884 
.820 
.950 
.222 
.678 
.107 
.151 
.853 
.247 
.808 
.834 
.103 
.969 
.-951 
.295 
.531 
.326 
.359 
.522 
.434 
.350 
.640 
.445 
.268 
.271 
.391 
.067 
.211 
.903 
.411 
3.318 2.361 
1. 
1, 
1, 
1, 
1, 
1 , 
1, 
1, 
1, 
1, 
1, 
1. 
1, 
1 
1 
1 
1 
1 
1 
1 
1 
313 
380 
228 
588 
521 
322 
449 
300 
477 
111 
482 
453 
364 
639 
398 
418 
345 
419 
,399 
.530 
,021 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 , 
3 0 . 
3 1 , 
LOCA' 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 , 
1 4 , 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 . 9 6 3 
2 . 9 3 5 
3 . 1 9 0 
2 . 7 5 6 
2 . 7 8 1 
2 . 9 5 0 
2 . 9 5 0 
3 . 4 2 0 
3 . 3 7 1 
3 . 2 8 7 
r i O N - 5 
3 . 3 5 6 
4 . 0 0 8 
3 , 4 1 8 
2 . 9 6 3 
3 . 2 7 0 
3 . 3 0 2 
3 . 5 6 3 
3 . 3 4 2 
2 . 8 9 0 
3 , 3 8 0 
3 , 0 9 5 
2 . 8 0 8 
2 . 7 8 2 
3 , 2 3 0 
3 , 5 2 6 
2 , 8 1 4 
2 , 7 8 9 
3 . 5 5 3 
3 . 0 5 8 
3 . 3 3 0 
4 . 3 3 5 
3 . 4 4 8 
3 , 0 0 7 
2 , 9 7 4 
3 . 6 7 4 
2 . 5 8 6 
3 . 2 2 7 
2 . 3 2 4 
1 . 8 2 8 
2 . 1 4 7 
2 , 1 7 2 
1 . 9 0 7 
1 . 9 3 1 
1 . 9 4 0 
2 . 0 2 8 
1 . 9 5 5 
2 . 0 3 7 
1 . 8 1 4 
1 . 7 1 2 
2 . 2 02 
1 . 8 5 9 
2 . 1 0 9 
2 . 2 0 1 
1 . 8 8 9 
2 . 0 8 2 
2 . 0 8 5 
2 , 3 2 6 
2 , 1 8 4 
2 . 3 4 0 
1 . 9 0 7 
2 . 2 02 
2 . 0 5 2 
1 . 9 1 3 
1 , 9 2 4 
2 . 5 1 3 
1 . 8 3 4 
2 . 3 1 9 
1 . 8 8 8 
2 . 2 0 3 
1 . 8 0 4 
1 , 8 5 0 
2 . 0 3 7 
2 . 1 3 7 
1 . 8 7 5 
1 . 1 6 2 
1 . 2 9 1 
1 . 1 6 8 
1 . 3 3 6 
1 . 5 0 9 
1 . 4 0 4 
1 . 3 9 7 
1 . 1 5 3 
1 , 2 1 3 
1 . 1 9 5 
1 . 3 1 5 
1 . 1 6 6 
1 . 0 6 3 
1 . 4 5 2 
1 . 1 6 0 
1 . 1 0 0 
1 . 1 8 7 
1 . 1 5 0 
1 . 3 2 7 
1 . 0 1 7 
1 . 1 8 3 
1 . 2 1 7 
1 . 5 1 0 
1 . 1 2 5 
1 . 1 0 5 
1 . 4 8 5 
1 . 4 9 1 
0 . 8 9 5 
1 . 4 2 7 
1 , 0 3 6 , 
0 . 9 7 9 
1 . 0 5 3 
1 . 4 7 6 
1 . 4 5 4 
1 . 0 6 8 
1 . 4 4 8 
1 . 3 2 1 
continued.... 
S.NO. _/"Oa^D - / "^"^D - / " ^ " ^ D ^•^' -^^>^I> - / "^"^D - / "^^^D 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 .649 
3 . 0 1 3 
3 .294 
3 .132 
3 . 6 1 0 
3 .064 
LOCATION-6 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 .552 
3 . 3 4 8 
3 . 7 7 1 
2 . 8 2 7 
3 . 1 8 8 
3 .007 
3 .659 
3 .032 
2 . 3 1 8 
3 . 3 3 7 
3 . 6 2 1 
2 . 8 2 3 
3 .515 
3 . 3 9 3 
3 ,787 
2 . 7 7 9 
2 . 9 2 4 
3 .521 
3 .046 
2 . 8 8 4 
3 . 3 6 0 
3 .374 
3 .195 
3 . 0 4 1 
2 . 8 4 1 
2 . 9 7 4 
2 . 4 8 5 
3 .2 82 
3 .477 
3 . 0 4 1 
3 .119 
1.894 
1 .883 
1.935 
2 . 1 2 0 
1 .883 
2 .131 
1.794 
1.649 
1.663 
1.843 
1.771 
1.884 
2 .091 
1.788 
2 .135 
1.774 
1.724 
1.882 
1.888 
1.881 
1.692 
1.924 
1.816 
1.760 
2 . 0 8 0 
1.730 
1.958 
2 .076 
1.819 
1.974 
1.924 
1.850 
1.908 
1.745 
1.696 
1.825 
1.871 
1 .157 
1.412 
1 .255 
1.2 04 
1 .177 
1.225 
1 .255 
1 .449 
1.275 
1 .536 
1 .417 
1 .413 
1 .045 
1 .477 
1 .616 
1 .350 
1 .281 
1.5 06 
1.2 06 
1.254 
1 . 2 4 8 
1 .496 
1 .506 
1 . 291 
1 .263 
1.602 
1 .216 
1.142 
1 .376 
1 .334 
1 .466 
1.454 
1 .686 
1 .396 
1 .357 
1 .440 
1.372 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
2 . 8 4 8 
3 . 0 7 8 
3 .012 
2 . 9 6 7 
3 . 0 3 0 
2 . 7 5 5 
3 .099 
3 . 0 7 1 
2 . 4 7 3 
2 . 8 4 9 
LOCATION-7 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
3 . 2 0 3 
3 .139 
3 . 5 5 0 
3 .644 
3 . 3 1 3 
3 . 4 3 3 
3 .115 
3 .282 
3 . 0 0 8 
3 .524 
2 . 9 0 3 
3 . 0 5 7 
2 . 5 7 1 
2 .771 
2 . 3 2 7 
3 .366 
3 . 0 3 3 
2 . 7 7 7 
3 . 0 4 8 
3 . 2 2 0 
3 . 5 7 5 
3 .269 
3 .919 
3 .144 
3 . 4 8 3 
3 .122 
3 .082 
1.874 
1.846 
1.807 
2 . 0 7 7 
1.836 
1 .968 
1.983 
1.799 
2 . 1 5 0 
2 .234 
1 .740 
1.755 
1.952 
1 .976 
1.925 
1.609 
1.896 
1 .823 
1 .711 
1.611 
1 .898 
1 .834 
2 . 1 8 8 
1.847 
1 .918 
1.716 
1 .970 
1.944 
1.761 
1.932 
1 .787 
1.727 
1 .849 
1.761 
2 . 1 4 3 
1 .990 
1.926 
1,499 
1.407 
1.472 
1 .298 
1.4 38 
1.476 
1.301 
1 .448 
1.505 
1.256 
1.434 
1 .451 
1.154 
1.111 
1.253 
1 .448 
1.354 
1.337 
1.556 
1.409 
1.451 
1.426 
1.422 
1.563 
1.792 
1.386 
1.339 
1.481 
1.49Q 
1.288 
1.251 
1 .418 
1.104 
1 .446 
1 .067 
1 .288 
1 .348 
c o n t i n u e d . . . . 
S.No. yTx^Q _ / ( A a ) D _/i A^)p S.No. _ / ^ ~ ^ D - ' / rxUj^ _/TAiTj^ 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 , 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
4 7 . 
4 8 . 
4 9 . 
5 0 . 
5 1 . 
2 . 8 3 8 
3 .495 
2 . 7 2 3 
3 . 6 5 0 
2 . 9 1 6 
2 . 9 1 0 
2 . 9 09 
3 . 1 1 3 
2 . 8 9 7 
3 .095 
2 . 6 5 3 
2 . 8 6 3 
3 .02 0 
3 .182 
3 . 9 5 3 
2 . 7 3 7 
3 . 0 1 7 
2 . 4 3 1 
2 . 9 6 8 
3 . 0 4 0 
2 . 9 4 8 
3 . 9 4 7 
2 . 6 7 5 
2 . 9 8 8 
LOCATION-8 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
3 . 4 2 0 
3 . 4 0 1 
3 .04 0 
2 . 8 3 7 
3 .032 
3 . 0 0 8 
2 . 9 8 3 
2 . 7 9 8 
2 . 8 2 0 
2 . 8 9 9 
3 , 1 0 8 
3 . 6 7 0 
1.987 
1.765 
1.877 
1.619 
2 . 1 5 0 
2 .061 
2 .182 
1.927 
2 .047 
2 . 0 6 3 
1.895 
2 . 0 6 8 
2 . 0 8 0 
1.716 
1.537 
2 .007 
1.689 
2 .006 
1.908 
1.940 
1.868 
2 .777 
1.879 
1.79 3 
2 . 2 3 3 
1 .870 
2 . 0 1 1 
1.745 
2 .069 
2 .129 
1.825 
2 .109 
2 .014 
2 .035 
1 ,940 
1.781 
1 .419 
1 .297 
1 .564 
1 .354 
1 .275 
1 .333 
1 .260 
1 .334 
1 .348 
1.252 
1.592 
1.352 
1 .275 
1 .465 
1 .317 
1 .459 
1 .569 
1 .641 
1 .413 
1 .358 
1 .453 
0 . 7 3 0 
1 .590 
1 .494 
1 .047 
1 .258 
1 .309 
1 .615 
1 .275 
1 .249 
1 .469 
1 .356 
1 .410 
1 .357 
1 .326 
1 .223 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
3. 
2 . 
3. 
3, 
3, 
2 . 
3, 
2 , 
2 , 
2 . 
3, 
3, 
3, 
3 
2 
153 
547 
368 
044 
579 
865 
987 
873 
998 
730 
673 
443 
331 
313 
951 
2.816 
LOG AT ION-9 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
2 
2 
2 
2 
2 
882 
900 
119 
224 
353 
567 
706 
558 
522 
641 
488 
775 
2 .661 
2.643 
785 
726 
824 
523 
559 
2.426 
1, 
1, 
2 
1 
1 
1, 
2 
2 
1 
2 
1 
1 
1 
1 
1 
810 
974 
013 
971 
961 
965 
.056 
.155 
,834 
,047 
,716 
,842 
,767 
,891 
,953 
2 . 0 6 5 
2 . 
1-
1. 
1 . 
2 . 
2 . 
1. 
2, 
1, 
1. 
1, 
2, 
2. 
2, 
2, 
2 
1 
1 
2 
001 
874 
930 
951 
012 
010 
914 
214 
952 
974 
894 
014 
224 
181 
,042 
252 
,955 
,945 
,118 
1. 
1. 
1. 
1. 
1. 
1. 
0, 
1. 
1. 
1, 
1, 
1, 
1, 
1, 
1 
1 
1. 
1. 
1. 
1, 
1. 
1. 
1. 
1, 
1, 
1 
1, 
1, 
1 
1 
1 
1 
1 
1 
1 
401 
592 
180 
333 
139 
420 
976 
293 
455 
433 
270 
260 
359 
276 
388 
376 
837 
472 
328 
272 
186 
550 
544 
412 
624 
534 
696 
432 
350. 
387 
,406 
,304 
,448 
,629 
,475 
1.999 1.649 
c o n t i n u e d . . 
S . N o . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
./T>^D 
2 . 8 7 8 
2 . 9 0 5 
2 . 4 7 4 
2 . 5 4 8 
2 . 7 9 1 
2 .572 
2 . 6 8 5 
2 . 6 2 5 
2 . 6 7 1 
3 .306 
2 . 8 6 5 
2 .906 
2 . 6 6 7 
2 .714 
2 . 7 9 9 
2 . 6 4 8 
3 .040 
3 .127 
2 .906 
2 . 8 3 5 
LOCATION-10 
1 . 
2 . 
3 , 
4 . 
5 . 
6 . 
7 . 
8 . 
9 , 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
2 .844 
2 . 7 9 8 
2 . 9 3 1 
3 .042 
2 . 5 2 3 
2 .824 
3 .091 
2 . 3 9 5 
2 . 5 9 4 
3 .007 
2 . 5 0 6 
2 . 9 3 8 
3 .111 
3 . 1 4 8 
2 .854 
2 . 9 2 7 
_ / ( Mj, 
1.989 
1.706 
2 . 0 0 5 
1 .990 
2 . 0 4 4 
2 .109 
2 . 2 0 9 
1 .990 
1.951 
2 . 0 8 8 
1 .918 
1.937 
1.926 
2 . 0 3 6 
1.919 
2 . 0 3 6 
1.915 
2 . 2 7 7 
2 . 1 3 1 
2 . 2 0 7 
2 . 0 0 7 
1.987 
2 .039 
2 . 0 1 8 
1.945 
2 .132 
1.753 
1 .998 
2 . 0 6 6 
2 . 0 7 9 
1.892 
2 .134 
2 . 0 7 4 
1.691 
2 .096 
1 .900 
- / ( - ^ D 
1 .397 
1.614 
1.612 
1 .577 
1.402 
1 .471 
1 .467 
1 .531 
1 .535 
1 .160 
1 .455 
1 .421 
1 .556 
1 .447 
1.489 
1 .483 
1 .374 
1 .123 
1 .291 
1 .278 
1 .401 
1 .438 
1 . 338 
1 .303 
1 .629 
1.329 
1 .476 
1 .671 
1.492 
1 .279 
1 .687 
1.2 75 
1 . 2 4 0 
1 .503 
1 .337 
1 .438 
S.No. 
1 7 , 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
_ / < A \ 5 D 
2 . 8 3 7 
2 . 7 9 3 
2 . 9 3 0 
3 .225 
2 . 8 5 7 
2 . 9 0 6 
2 . 8 8 3 
2 . 6 7 5 
2 . 8 3 0 
2 . 6 9 9 
LOCATION-11 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 . 7 4 7 
2 . 7 8 7 
2.82C 
2 ,652 
2 . 6 0 3 
2 . 5 3 9 
3 .092 
2 . 5 2 1 
3 . 2 0 0 
2 .592 
2 . 6 9 9 
2 . 4 3 3 
2 .672 
2 . 7 7 3 
2 . 6 2 0 
3 .242 
2 . 9 8 3 
2 . 7 4 9 
3 .040 
2 . 6 5 4 
3 .095 
3 . 1 1 1 
2 . 9 7 1 
2 . 9 4 8 
_ / ( X 2 ) Q 
2 .179 
2 .051 
2 .024 
1.837 
1.804 
1.937 
2 .033 
2 . 1 5 5 
2 .064 
2 .002 
1.993 
1.761 
1.903 
1,976 
1 .810 
1.862 
2 . 1 4 8 
2 .121 
1.842 
1.851 
2 .002 
2 . 0 2 7 
1.945 
2 . 1 2 5 
2 .096 
1.939 
1 .998 
2 . 1 0 5 
1.835 
2 .222 
1.898 
1.866 
2 .009 
1.885 
- / ^ ^ 3 ^ D 
1 .293 
1.396 
1.349 
1 .350 
1.553 
1.421 
1.365 
1.387 
1 .368 
1 .480 
1.462 
1 .630 
1 .490 
1.526 
1.697 
1.692 
1.2 04 
1.495 
1.357 
1.666 
1 .480 
1.622 
1.539 
1.357 
1.456 
1.272 
1.342 
1 .381 
1.434 • 
1 .358 
1.361 
1.377 
1,3 39 
1.439 
c o n t i n u e d . . . . 
s.No. . / "O^D VTx^u JT\^^ s.No. _/T\J _/Tx7T _ / ' n ; ^ D 
LOCATION-12 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
2 . 7 2 4 
3 .144 
2 . 8 4 0 
2 .932 
3 .083 
3 .275 
2 . 9 3 0 
2 .712 
2 . 5 8 4 
3 .167 
4 . 5 6 5 
2 . 7 3 4 
2 . 7 9 7 
3 .117 
3 .142 
3 .04 0 
2 . 8 0 4 
3 . 1 5 8 
2 . 9 2 4 
2 . 7 2 2 
2 . 9 2 5 
2 , 8 8 1 
3 . 2 7 3 
3 .114 
3 .019 
3 .302 
3 .135 
2 . 8 7 5 
2 . 8 7 8 
2 . 9 4 6 
2 . 8 2 7 
3 . 0 7 8 
1.863 
2 .02 3 
1.893 
1.914 
2 .004 
2 . 0 2 8 
1.837 
1.959 
1.983 
1.851 
1.507 
2 . 0 9 8 
1.933 
2 . 0 3 8 
1.920 
1.880 
1.951 
2 .2 39 
2 .339 
1.905 
1.944 
1.812 
2 .014 
2 .099 
2 . 0 9 3 
1.805 
1.844 
2 .165 
1.873 
2 . 1 6 1 
1.913 
1.824 
1.577 
1 .257 
1 .487 
1 .425 
1 .295 
1.202 
1.487 
1.505 
1.562 
1.364 
1.162 
1.394 
1 . 480 
1 .258 
1 .326 
1 .400 
1 .463 
1 .131 
1.169 
1.542 
1 .407 
1 .533 
1 .213 
1 .224 
1.266 
1 .341 
1 .383 
1 .285 
1.484 
1 .257 
1 .478 
1.425 
LOCATION-13 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
2. 
3. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2, 
2, 
2. 
3 
2 
360 
844 
095 
867 
822 
716 
296 
566 
360 
163 
732 
197 
294 
2.950 
2.980 
954 
037 
637 
663 
523 
934 
844 
954 
527 
537 
871 
959 
427 
764 
2.812 
89 0 
022 
809 
947 
962 
069 
923 
974 
032 
929 
062 
055 
935 
116 
945 
063 
965 
998 
155 
1.992 
2.112 
254 
866 
838 
014 
811 
923 
981 
949 
260 
390 
428 
433 
445 
423 
263 
579 
172 
311 
419 
218 
255 
282 
380 
313 
340 
518 
395 
593 
291 
248 
,451 
17.23 
1.567 
538 
405 
178 
484 
1 
1 
1 
1 
1.924 1.480 
ANNEXURE-II 
Deviatorlc Coraponents of Principal Natural Strain 
S .NO. 
^ e>D 
LOCATION-1 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
1.267 
1.102 
1.075 
0 . 9 3 8 
1,150 
1.023 
0 . 8 1 9 
1 .128 
1 .361 
1 .088 
0 . 9 9 4 
1.115 
1 .185 
1.337 
1 .091 
1 .111 
1.099 
0 . 9 5 3 
0 . 9 9 3 
0 . 9 7 1 
1.090 
1.242 
1.132 
1.127 
0 . 9 0 9 
1 .073 
1 .015 
1 .111 
LOCATION-2 
1 . 
2 . 
3 . 
4 . 
1.138 
0 . 8 7 0 
0 . 9 8 0 
1.194 
( e)D 
0 .574 
0 .592 
0 .830 
0 . 6 4 3 
0 . 7 9 3 
0 . 6 9 8 
0 . 6 9 8 
0 . 6 3 1 
0 . 5 8 6 
0 .782 
0 . 8 6 3 
0 . 7 0 4 
0 . 7 0 5 
0 .607 
0 .762 
0 . 7 3 9 
0 .732 
0 .740 
0 .714 
0 .736 
0 . 5 5 6 
0 .702 
0 . 7 0 8 
0 . 8 1 3 
0 .679 
0 .674 
0 . 7 5 9 
0 . 5 9 7 
0 . 6 3 3 
0 .647 
0 .760 
0 .630 
^e)^ 
0 . 2 3 8 
0 . 3 7 9 
0 . 1 7 3 
0 . 5 0 3 
0 . 1 3 5 
0 . 3 5 7 
0 . 5 6 1 
0 . 3 1 9 
0 . 1 3 2 
0 . 2 0 9 
0 . 2 2 0 
0 . 2 6 0 
0 . 1 8 8 
0 . 1 3 3 
0 . 2 2 6 
0 . 2 2 8 
0 . 2 4 7 
0 . 3 8 5 
0 . 3 7 1 
0 . 3 7 0 
0 . 4 3 1 
0 . 1 3 4 
0 . 2 3 8 
0 . 1 3 8 
0 . 4 9 0 
0 . 3 3 0 
0 . 3 0 3 
0 . 3 7 0 
0 . 3 0 7 
0 . 5 6 0 
0 . 3 3 8 
0 . 2 5 3 
S .No. 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
( C)D 
1.057 
1 .015 
1.219 
1.089 
1.173 
1.106 
1 .151 
1.054 
1.163 
1.160 
1.237 
1.163 
1.174 
0 . 9 9 4 
0 . 7 5 2 
0 . 9 5 1 
1.092 
1.193 
1.256 
1.214 
1 .081 
1.103 
1.333 
0 . 9 7 6 
LOCATION-3 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
1.077 
1.095 
1.100 
1.132 
1.027 
1 .081 
1.015 
1.056 
( e)D 
0 .847 
0 . 6 9 3 
0 .532 
0 . 6 9 8 
0 . 6 0 1 
0 . 5 6 8 
0 . 7 8 3 
0 . 5 8 4 
0 . 6 1 3 
0 .806 
0 .782 
0 .704 
0 .690 
0 .629 
0 . 7 9 0 
0 .647 
0 .752 
0 .747 
0 .790 
0 .860 
0 . 8 4 5 
0 . 5 8 1 
0 .586 
0 .746 
0 . 5 7 1 
0 . 6 2 7 
0 . 6 2 1 
0 .740 
0 .615 
0 .610 
0 .764 
0 . 6 2 5 
< OD 
0 . 1 7 4 
0 . 3 7 0 
0 . 3 3 3 
0 . 2 9 2 
0 . 3 0 4 
0 . 4 0 3 
0 . 1 4 4 
0 . 4 4 1 
0 . 3 0 3 
0 . 1 1 2 
0 . 0 5 8 
0 . 2 1 1 
0 . 2 1 5 
0 . 4 5 5 
0 . 5 3 8 
0 . 4 8 1 
0 . 2 3 4 
0 . 1 3 8 
0 . 0 3 2 
0 . 0 0 3 
0 . 1 5 1 
0 . 3 9 3 
0 .159 
0 . 3 5 6 
0 . 4 3 0 
0 . 3 5 7 
0 . 3 5 8 
0 .260 
0 .436 
0 . 3 8 7 
0 .299 
0 . 3 9 6 
S.No. 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
< e>D 
1.022 
0 . 9 7 3 
1 .121 
1.080 
1 .099 
1 .108 
1.069 
1 .064 
1 .091 
1 .028 
0 . 9 6 4 
1 .135 
1 .113 
1.310 
1 .205 
1 .400 
1.166 
1 .350 
1.102 
LOCATION-4 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
1.229 
0 . 9 6 0 
1.227 
0 . 9 3 2 
1.076 
1 .246 
1.074 
1 .218 
1 .021 
1 .175 
1 .168 
0 . 9 6 1 
1 .003 
0 . 9 6 9 
0 . 9 3 4 
1.137 
1 .175 
0 . 9 8 6 
1.065 
^ OD 
0 .812 
0 . 6 8 5 
0 .632 
0 .440 
0 . 5 5 4 
0 .687 
0 .703 
0 .594 
0 . 6 2 8 
0 . 7 5 1 
0 .619 
0 . 5 7 5 
0 . 7 2 8 
0 .527 
0 . 5 4 5 
0 . 6 1 5 
0 .722 
0 .832 
0 .632 
0 .576 
0 .796 
0 .647 
0 . 6 8 5 
0 . 5 8 3 
0 . 5 5 3 
0 . 6 3 3 
0 . 5 9 8 
0 .667 
0 . 7 9 8 
0 .517 
0 . 7 4 5 
0 .766 
0 .616 
0 . 8 0 9 
0 .592 
0 .606 
0 . 7 4 3 
0 .677 
< e)D 
0 . 2 4 4 
0 . 4 2 0 
0 . 3 3 2 
0 . 2 5 8 
0 . 4 2 5 
0 . 2 8 2 
0 . 3 0 6 
0 . 4 2 0 
0 . 3 6 0 
0 . 3 0 0 
0 . 4 9 4 
0 . 3 6 8 
0 . 2 3 7 
0 . 2 3 9 
0 . 3 3 0 
0 . 0 6 4 
0 . 1 9 1 
- 0 . 1 0 2 
0 . 3 4 4 
0 . 2 7 2 
0 . 3 2 2 
0 . 2 0 5 
0 . 4 6 2 
0 . 4 1 9 
0 . 2 7 9 
0 . 3 7 0 
0 . 2 6 2 
0 . 3 9 0 
0 . 1 0 5 
0 . 3 9 3 
0 . 3 7 3 
0 . 3 1 0 
0 . 4 9 4 
0 . 3 3 5 
0 . 3 4 9 
0 . 2 9 6 
0 . 3 4 9 
0 . 3 3 5 
S .No. 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 1 
3 1 . 
( e>D 
0 . 9 8 5 
1.199 
1.086 
1.076 
1.160 
1.013 
1.022 
1 .081 
1 .081 
1.229 
1.215 
1.189 
LOCATION-5 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
1.210 
1.388 
1.229 
1.086 
1.184 
1.194 
1.270 
1.206 
1 .061 
1.217 
3 .129 
1.032 
1.023 
1.172 
1.260 
1.034 
1.025 
1.267 
1.117 
1.202 
1.466 
1.237 
1.100 
1.089 
1 .301 
0 . 9 5 0 
1 .171 
1.294 
1.102 
( e)o 
0 . 6 6 8 
0 .859 
0 . 8 4 3 
0 . 6 0 3 
0 .764 
0 .775 
0 .645 
0 , 6 5 8 
0 .662 
0 .707 
0 .670 
0 . 7 1 1 
0 .595 
0 .537 
0 .789 
0 .620 
0 .746 
0 . 7 8 8 
0 .636 
0 . 7 3 3 
0 .734 
0 .844 
0 . 7 8 1 
0 .850 
0 .645 
0 .789 
0 . 7 1 8 
0 . 6 4 8 
0 .654 
0 . 9 2 1 
0 . 6 0 6 
0 . 8 4 1 
0 . 6 3 5 
0 . 7 8 9 
0 .590 
0 . 6 1 5 
0 . 7 1 1 
0 .759 
0 . 6 2 8 
0 . 6 3 8 
0 .632 
( e ) ^ 
0 . 4 2 5 
0 . 0 2 0 
0 . 1 5 0 
0 . 3 9 9 
0 . 1 5 5 
0 . 2 8 9 
0 . 4 1 1 
0 . 3 3 9 
0 . 3 3 4 
0 . 1 4 2 
0 . 1 9 3 
0 . 1 7 8 
0 . 2 7 3 
0 . 1 5 3 
0 . 0 6 1 
0 . 3 7 2 
0 . 1 4 8 
0 . 0 9 5 
0 . 1 7 1 
0 . 1 3 9 
0 . 2 8 2 
0 . 0 1 6 
0 . 1 6 8 
0 . 1 9 6 
0 . 4 1 2 
0 . 1 1 7 
0 .099 
0 . 3 9 5 
0 . 3 9 9 
- 0 . 1 1 0 
0 . 3 5 5 
0 . 0 3 5 
- 0 . 0 2 1 
0 . 0 5 1 
0 . 3 8 9 
0 . 3 7 4 
0 . 0 6 5 
0 .370 
0 . 2 7 8 
0 . 1 4 5 
0 . 3 4 5 
continued. 
S.NO. ( <-) D ^ e>D ( e)^ S.No. ( ^^D ( ^^D ( e ) ^ 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
1.192 
1 .141 
1 .283 
1.119 
LOCATION-6 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
1.267 
1 .208 
1.327 
1.039 
1.159 
1.100 
1.297 
1.109 
0 . 8 4 0 
1 .205 
1,286 
1.037 
1.257 
1 .221 
1 .331 
1.022 
1.072 
1 .258 
3 .113 
1.059 
1 .211 
1.216 
1 .161 
1.112 
1.044 
1.089 
0 . 9 1 0 
1 .188 
1.246 
1.112 
1.137 
1.046 
1.124 
1.102 
0 . 6 6 0 
0 . 7 5 1 
0 .632 
0 . 7 5 6 
0 .584 
0 .500 
0 . 5 0 8 
0 . 6 1 1 
0 . 5 7 1 
0 . 6 3 3 
0 . 7 3 7 
0 . 5 8 1 
0 . 7 5 8 
0 . 5 7 3 
0 .544 
0 .632 
0 . 6 3 5 
0 . 6 3 1 
0 , 5 2 5 
0 . 6 5 4 
0 . 5 9 6 
0 . 5 6 5 
0 .732 
0 . 5 4 8 
0 . 6 7 1 
0 .730 
0 . 5 9 8 
0 .680 
0 .654 
0 . 6 1 5 
0 ,640 
0 . 5 5 6 
0 . 5 2 8 
0 . 6 0 1 
0 .626 
0 . 6 2 8 
0 . 6 1 3 
0 , 5 9 1 
0 . 2 2 7 
0 . 1 8 5 
0 . 1 6 2 
0 . 2 0 2 
0 . 2 2 7 
0 . 3 7 0 
0 . 2 4 2 
0 . 4 2 9 
0 . 3 4 8 
0 . 3 4 5 
0 . 0 4 4 
0 . 3 9 0 
0 . 4 7 9 
0 . 3 0 0 
0 . 2 4 7 
0 . 4 0 9 
0 . 1 8 7 
0 . 2 2 6 
0 . 2 2 1 
0 . 4 0 2 
0 . 4 0 9 
0 . 2 5 5 
0 . 2 3 3 
0 . 4 7 1 
0 . 1 9 5 
0 . 1 3 2 
0 . 3 1 9 
0 . 2 8 8 
0 . 3 8 2 
0 . 3 7 4 
0 . 5 2 2 
0 . 3 3 3 
0 . 3 0 5 
0 . 3 6 4 
0 . 3 1 6 
0 . 4 0 4 
0 . 3 4 1 
0 . 3 8 6 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
1.087 
1 .108 
1.013 
1 .131 
1.182 
0 . 9 0 5 
1.046 
LOCATION-7 
1 , 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
1.164 
1.143 
1.266 
1.293 
1.197 
1.233 
1.136 
1 .188 
1 .101 
1.259 
1 .065 
1.117 
0 . 9 4 4 
1.019 
0 . 8 4 4 
1 .213 
1.109 
1 .021 
1.114 
1.169 
1 .273 
1.184 
1 .365 
1 .145 
1.247 
1 .138 
1 .125 
1.043 
1 .251 
1 .001 
1.294 
0 .730 
0 .607 
0 .677 
0 .684 
0 .587 
0 .765 
0 .803 
0 .553 
0 .562 
0 ,668 
0 . 6 8 1 
0 .654 
0 .475 
0 .639 
0 .600 
0 .537 
0 .476 
0 .640 
0 ,606 
0 .782 
0 .613 
0 . 6 5 1 
0 .539 
0 .678 
0 .664 
0 .565 
0 .658 
0 .580 
0 .546 
0 .614 
0 .565 
0 .762 
0 .688 
0 .655 
0 .686 
0 .568 
0 .629 
0 . 4 8 1 
0 . 2 6 0 
0 . 3 6 3 
0 .389 
0 . 2 6 3 
0 .370 
0 . 4 0 8 
0 . 2 2 7 
0 .360 
0 .372 
0 . 1 4 3 
0 . 1 0 5 
0 . 2 2 5 
0 .370 
0 . 3 0 3 
0 . 2 9 0 
0 .442 
0 . 3 4 2 
0 .372 
0 . 3 5 4 
0 .352 
0 . 4 4 6 
0 . 5 8 3 
0 . 3 2 6 
0 . 2 9 1 
0 . 3 9 2 
0 . 3 9 8 
0 . 2 5 3 
0 . 2 2 3 
0 .349 
0 . 0 9 8 
0 . 3 6 8 
0.06-8 
0 . 2 5 3 
0 . 2 9 8 
0 .349 
0 .260 
0 .447 
0 . 3 0 3 
c o n t i n u e d . . . . 
S.Nb. 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
4 7 . 
4 8 . 
4 9 . 
5 0 . 
5 1 . 
^ e ^ D 
1.070 
1.068 
1.067 
1 .135 
1.063 
1.129 
0 . 9 7 5 
1 .051 
1.105 
1.157 
1.373 
1.006 
1.104 
0 . 8 8 8 
1.087 
1.111 
1 .081 
1.372 
0 . 9 8 3 
1.094 
LOCATION-8 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1.229 
1.224 
1 .111 
1.042 
1.109 
1 .101 
1.092 
1 .028 
1.036 
1.064 
1.133 
1.300 
1.148 
0 . 9 3 4 
0 . 2 1 4 
^ ^^D 
0 . 7 6 5 
0 .723 
0 .780 
0 . 6 5 5 
0 .716 
0 .724 
0 .639 
0 .726 
0 .732 
0 .539 
0 .429 
0 .696 
0 .524 
0 .696 
0 .646 
0 .662 
0 .624 
1.021 
0 .630 
0 . 5 8 3 
0 . 8 0 3 
0 . 6 2 5 
0 .698 
0 .556 
0 .727 
0 . 7 5 5 
0 . 6 0 1 
0 .746 
0 .700 
0 .710 
0 .662 
0 .577 
0 . 5 9 3 
0 .680 
0 .699 
( ^K 
0 . 2 4 2 
0 . 2 8 7 
0 . 2 3 1 
0 . 2 8 8 
0 . 2 9 8 
0 . 2 2 4 
0 . 4 6 4 
0 . 3 0 1 
0 . 2 4 2 
0 . 3 8 1 
0 . 2 7 5 
0 . 3 7 7 
0 . 4 5 0 
0 . 4 9 5 
0 . 3 4 5 
0 . 3 0 6 
0 . 3 7 3 
- 0 . 3 1 4 
0 . 4 6 3 
0 . 4 0 1 
0 . 0 4 5 
0 . 2 2 9 
0 . 2 6 9 
0 . 4 7 9 
0 . 2 4 2 
0 . 2 2 2 
0 . 3 8 4 
0.3t)4 
0 . 3 4 3 
0 . 3 0 5 
0 . 2 8 2 
0 . 2 0 1 
0 , 3 3 7 
0 . 4 6 4 
0 . 1 6 5 
S.NO. 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
( e^D 
1.113 
1 .275 
1.052 
1 .383 
1 .055 
1.097 
1 .004 
1 .301 
1.236 
1 .203 
1.197 
1.082 
1 .035 
LOCATION-9 
1 . 
2 . 
3 , 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
1.058 
1.064 
1.137 
1.170 
1.209 
0 . 9 4 2 
0 . 9 9 5 
0 . 9 3 9 
0 . 9 2 5 
0 . 9 7 1 
0 . 9 1 1 
1.020 
0 . 9 7 8 
0 . 9 7 1 
1 .024 
1.002 
1 .038 
0 . 9 2 5 
0 . 9 3 9 
0 . 8 8 6 
1.057 
1.066 
<e'r, 
0 . 6 7 8 
0 . 6 7 3 
0 . 6 7 5 
0 . 7 2 0 
0 . 7 6 7 
0 . 6 0 6 
0 . 7 1 6 
0 . 5 3 9 
0 . 6 1 0 
0 . 5 6 9 
0 . 6 3 7 
0 . 6 6 9 
0 . 7 2 5 
0 . 6 9 3 
0 . 6 2 8 
0 . 6 5 7 
0 . 6 6 8 
0 . 6 9 9 
0 . 6 9 8 
0 . 6 4 9 
0 . 7 9 4 
0 . 6 6 8 
0 . 6 8 0 
0 . 6 3 8 
0 .700 
0 . 7 9 9 
0 .779 
0 . 7 1 3 
0 . 8 1 1 
0 . 6 7 0 
0 . 6 6 0 
0 .750 
0 .692 
0 .687 
0 .534 
^ ^ \ 
0 . 2 8 7 
0 . 1 3 0 
0 . 3 5 0 
- 0 . 0 2 4 
0 . 2 5 6 
0 . 3 7 5 
0 . 3 5 9 
0 . 2 3 9 
0 . 2 3 1 
0 . 3 0 6 
0 . 2 4 3 
0 . 3 2 7 
0 . 3 1 9 
0 . 3 2 7 
0 . 3 8 6 
0 . 2 8 3 
0 . 2 4 0 
0 . 1 7 0 
0 . 4 3 8 
0 . 4 3 4 
0 . 3 4 5 
0 . 4 8 4 
0 . 4 2 7 
0 . 5 2 8 
0 . 3 5 9 
0 . 3 0 0 
0 . 3 2 7 
0 . 3 4 0 
0 . 2 6 5 
0 . 3 7 0 
0 . 4 8 7 
0 . 3 8 8 
0 . 5 0 0 
0 . 3 3 4 
0 . 4 7 8 
c o n t i n u e d . . . . 
S . N o . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
^ €>D 
0 . 9 0 5 
0 . 9 3 5 
1 . 0 2 6 
0 . 9 4 4 
0 . 9 8 7 
0 . 9 6 5 
0 . 9 8 2 
1 . 1 9 5 
1 . 0 5 2 
1 . 0 6 6 
0 . 9 8 0 
0 . 9 9 8 
1 . 0 2 9 
0 . 9 7 3 
1 . 1 1 1 
1 . 1 4 0 
1 . 0 6 6 
1 . 0 4 2 
LOCATION-10 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 . 0 4 5 
1 . 0 2 8 
1 . 0 7 5 
1 . 1 1 2 
0 . 9 2 5 
1 . 0 3 8 
1 . 1 2 8 
0 . 8 7 3 
0 . 9 5 3 
1 . 1 0 0 
0 . 9 1 8 
1 . 0 7 7 
1 . 1 3 4 
1 . 1 4 6 
( e)D 
0 . 6 9 5 
0 . 6 8 8 
0 . 7 1 4 
0 . 7 4 6 
0 . 7 0 7 
0 . 6 8 8 
0 . 6 6 8 
0 . 7 3 6 
0 . 6 5 1 
0 . 6 6 1 
0 . 6 5 5 
0 . 7 1 0 
0 . 6 5 1 
0 . 7 1 0 
0 . 6 4 9 
0 . 8 2 2 
0 . 7 5 6 
0 . 7 9 1 
0 . 6 9 6 
0 . 6 8 6 
0 . 7 1 2 
0 . 7 0 2 
0 . 6 6 5 
0 . 7 5 7 
0 . 5 6 1 
0 . 6 9 2 
0 . 7 2 5 
0 . 7 3 1 
0 . 6 3 7 
0 . 7 5 7 
0 . 7 2 9 
0 . 5 2 5 
^ e)D 
0 . 4 7 7 
0 . 4 5 5 
0 . 3 3 7 
0 . 3 8 7 
0 . 3 8 3 
0 . 4 2 5 
0 . 4 2 8 
0 . 1 4 8 
0 . 3 7 5 
0 . 3 5 1 
0 . 4 4 2 
0 . 3 6 9 
0 . 3 9 8 
0 . 3 9 4 
0 . 3 1 7 
0 . 1 1 6 
0 . 2 5 5 
0 . 2 4 5 
0 . 3 3 7 
0 . 3 6 3 
0 . 2 9 1 
0 . 2 6 4 
0 . 4 8 7 
0 . 2 8 4 
0 . 3 8 9 
0 . 5 1 3 
0 . 4 0 0 
0 . 2 4 6 
0 . 5 2 2 
0 . 2 4 2 
0 . 2 1 5 
0 . 4 0 7 
S .NO. 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
( <f>D 
1 . 0 4 8 
1 . 0 7 3 
1 . 0 4 2 
1 . 0 2 7 
1 . 0 7 5 
1 . 1 7 0 
1 . 0 4 9 
1 . 0 6 6 
1 . 0 5 8 
0 . 9 8 3 
1 . 0 4 0 
0 . 9 9 2 
LOCATION-11 
1 . 
2 . 
3 , 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
1 . 0 1 0 
1 . 0 2 4 
1 . 0 3 6 
0 . 9 7 5 
0 . 9 5 6 
0 . 9 3 1 
1 . 1 2 8 
0 . 9 2 4 
1 . 1 6 3 
0 . 9 5 2 
0 . 9 9 2 
0 . 8 8 9 
0 . 9 8 2 
1 . 0 2 0 
0 . 9 6 3 
1 . 1 7 6 
1 . 0 9 2 
1 . 0 1 1 
1 . 1 1 1 
0 . 9 7 6 
1 . 1 2 9 
1 . 1 3 4 
1 . 0 8 8 
1 . 0 8 1 
( <^^D 
0 . 7 4 0 
0 . 6 4 1 
0 . 7 7 8 
0 . 7 1 8 
0 . 7 0 5 
0 . 6 0 8 
0 . 5 9 0 
0 . 6 6 1 
0 . 7 0 9 
0 . 7 6 7 
0 . 7 2 4 
0 . 6 9 4 
0 . 6 8 9 
0 . 5 6 5 
0 . 6 4 3 
0 . 6 8 1 
0 . 5 9 3 
0 . 6 2 1 
0 . 7 6 4 
0 . 7 5 1 
0 . 6 1 0 
0 . 6 1 5 
0 . 6 9 4 
0 . 7 0 6 
0 . 6 6 5 
0 . 7 5 3 
0 . 7 4 0 
0 . 6 6 2 
0 . 6 9 2 
0 . 7 4 4 
0 . 6 0 7 
0 . 7 9 8 
0 . 6 4 0 
0 . 6 2 3 
0 . 6 9 7 
0 . 6 3 3 
( £^D 
0 . 2 9 0 
0 . 3 6 3 
0 . 2 5 6 
0 . 3 3 3 
0 . 2 9 9 
0 . 3 0 0 
0 . 4 4 0 
0 . 3 5 1 
0 . 3 1 1 
0 . 3 2 7 
0 . 3 1 3 
0 . 3 9 2 
0 . 3 7 9 
0 . 4 8 8 
0 . 3 9 8 
0 . 4 2 2 
0 . 5 2 8 
0 . 5 2 5 
0 . 1 8 5 
0 . 4 0 2 
0 . 3 0 5 
0 . 5 1 0 
0 . 3 9 2 
0 . 4 8 3 
0 . 4 3 1 
0 . 3 0 5 
0 . 3 7 5 
0 . 2 4 0 
0 . 2 9 4 
0 . 3 2 2 
0 . 3 6 0 
0 . 3 0 6 
0 . 3 0 8 
0 . 3 1 9 
0 . 2 9 1 
0 . 3 6 3 
continued. 
S.No. ( (f) D < e > , ( e>D S.No. ^ O D < < ^ ^ ( e) D 
LOCATION-12 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 
10 
11. 
12 
13 
14 
1 5 . 
16 * 
17 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
1.002 
1.145 
1.043 
1.075 
1.125 
1.186 
1.075 
0 .997 
0 .949 
1.152 
1.518 
1.005 
1.028 
1.136 
1.144 
1.111 
1.031 
1.149 
1.072 
1 .001 
1.073 
1.058 
1.185 
1.135 
1.104 
1.194 
1.142 
1.056 
1.057 
1.080 
1.039 
1.124 
0 . 6 2 2 
0 .704 
0 . 6 3 8 
0 .649 
0 . 6 9 5 
0 . 7 0 7 
0 . 6 0 8 
0 . 6 7 2 
0 . 6 8 4 
0 . 6 1 5 
0 .410 
0 . 7 4 0 
0 . 6 5 9 
0 . 7 1 1 
0 . 6 5 2 
0 . 6 3 1 
0 . 6 6 8 
0 . 8 0 6 
0 . 8 4 9 
0 . 6 4 4 
0 . 6 6 4 
0 . 5 9 4 
0 .700 
0 . 7 4 1 
0 . 7 3 8 
0 . 5 9 0 
0 . 6 1 1 
0 .772 
0 . 6 ^ 7 
0 .770 
0 . 6 4 8 
0 . 6 0 1 
0 . 4 5 5 
0 . 2 2 8 
0 . 3 9 6 
0 . 3 5 4 
0 . 2 5 8 
0 . 1 8 5 
0 . 3 9 6 
0 . 4 0 8 
0 . 4 4 5 
0 . 3 1 0 
0 . 1 5 0 
0 . 3 3 2 
0 . 3 9 2 
0 . 2 2 9 
0 . 2 8 2 
0 . 3 3 6 
0 . 3 8 0 
0 . 1 2 3 
0 . 1 5 6 
0 . 4 3 3 
0 . 3 4 1 
0 . 4 2 7 
0 . 1 9 3 
0 . 2 0 2 
0 . 2 3 5 
0 . 2 9 3 
0 . 3 2 4 
0 . 2 5 0 
0 . 3 9 4 
0 . 2 2 8 
0 . 3 9 0 
0 . 3 5 4 
LOCATION-13 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
1.211 
1.045 
1.129 
1.053 
1.037 
0 . 9 9 9 
1.192 
0 . 9 4 2 
1 .211 
1 .151 
1.005 
1.162 
1.192 
1 .081 
1 .091 
1 .083 
1.110 
0 . 9 6 9 
0 . 9 7 9 
0 . 9 2 5 
1.076 
1.045 
1 .083 
0 . 9 2 7 
0 . 9 3 0 
1.054 
1.084 
1 .231 
1.016 
1.033 
0 . 6 3 6 
0 .704 
0 . 5 9 2 
0 . 6 6 6 
0 . 6 7 3 
0 . 7 2 7 
0 . 6 5 3 
0 . 6 8 0 
0 . 7 0 9 
0 . 6 5 7 
0 . 7 2 3 
0 . 7 2 0 
0 . 6 6 0 
0 . 7 4 9 
0 . 6 6 5 
0 . 7 2 4 
0 . 6 7 5 
0 . 6 9 2 
0 .767 
0 . 6 8 9 
0 . 7 4 7 
0 . 8 1 2 
0 . 6 2 3 
0 . 6 0 8 
0 . 7 0 0 
0 . 5 9 3 
0 . 6 5 3 
0 . 6 8 3 
0 . 6 6 7 
0 .654 
0 . 2 3 1 
0 . 3 2 9 
0 . 3 5 6 
0 . 3 5 9 
0 . 3 6 8 
0 . 3 5 2 
0 . 2 3 3 
0 . 4 5 6 
0 . 1 5 8 
0 . 2 7 0 
0 . 3 4 9 
0 . 1 9 7 
0 . 2 2 7 
0 . 2 4 8 
0 . 3 2 2 
0 . 2 7 2 
0 . 2 9 2 
0 . 4 1 7 
0 . 3 3 2 
0 . 4 6 5 
0 . 2 5 5 
0 . 2 2 1 
0 . 3 7 2 
0 . 5 4 4 
0 . 4 4 9 
0 . 4 3 0 
0 . 3 4 0 
0 . 1 6 3 
0 . 3 9 4 
0 . 3 9 2 
ANNEXURE-III 
Results of yo , e and V) 
S.No. ^Q e \^  S.No. >yo s 
s 
LOCATION-1 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8* 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 -
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
0 . 8 5 6 
0 . 6 0 5 
0 . 7 6 0 
0 . 3 6 2 
0 . 8 4 0 
0 . 5 4 2 
0 . 2 0 8 
0 . 6 6 5 
1.080 
0 . 7 2 8 
0 .676 
0 . 6 9 7 
0 . 8 1 4 
0 . 9 8 9 
0 . 7 1 2 
0 . 7 2 3 
0 . 6 9 6 
0 . 4 6 8 
0 . 5 0 7 
0 . 4 9 3 
0 .570 
0 , 9 0 4 
0 . 7 2 9 
0 .824 
0 .340 
0 .606 
0 , 5 8 8 
0 . 6 1 9 
LOCATION-2 
1 . 
2 . 
3 . 
4 . 
5 . 
0 . 6 8 3 
0 . 2 5 9 
0 . 5 3 2 
0 . 7 7 2 
0 .752 
0 . 7 4 1 
0 . 5 2 3 
0 , 6 5 8 
0 . 3 1 3 
0 . 7 2 7 
0 . 4 6 9 
0 . 1 8 0 
0 . 5 7 5 
0 . 9 3 5 
0 . 6 3 0 
0 . 5 8 5 
0 . 6 0 3 
0 . 7 0 4 
0 . 8 5 6 
0 . 6 1 6 
0 . 6 2 6 
0 . 6 0 2 
0 . 4 0 5 
0 . 4 3 9 
0 . 4 2 6 
0 . 4 9 3 
0 . 7 8 2 
0 . 6 3 1 
0 . 7 1 3 
0 . 2 9 4 
0 . 5 2 3 
0 . 5 0 9 
0 . 5 3 6 
0 . 5 9 1 
0 . 2 2 4 
0 . 4 6 0 
0 . 6 6 8 
0 . 6 5 1 
- 0 . 3 4 6 
- 0 . 3 9 9 
0 . 4 5 6 
- 0 . 3 5 6 
0 . 2 9 6 
0 . 0 2 4 
0 . 0 6 2 
- 0 . 2 2 8 
- 0 . 2 6 1 
0 . 3 0 3 
0 . 6 6 1 
0 . 0 3 8 
0 . 0 3 7 
- 0 . 2 1 2 
0 . 2 3 9 
0 . 1 5 7 
0 . 1 3 8 
0 . 2 5 0 
0 . 1 0 2 
0 . 2 1 7 
- 0 . 6 2 0 
0 . 0 2 5 
0 . 0 5 1 
0 . 3 6 5 
- 0 . 0 9 7 
- 0 . 0 7 4 
0 . 2 8 0 
- 0 . 3 8 7 
- 0 . 2 1 5 
- 0 . 4 3 8 
0 .314 
- 0 . 1 9 8 
0 . 5 2 4 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
0 .526 
0 . 7 6 0 
0 . 6 5 0 
0 .720 
0 . 6 0 0 
0 . 8 8 4 
0 . 5 2 2 
0 . 7 1 0 
0 . 8 7 0 
0 . 9 7 0 
0 . 7 7 6 
0 . 7 8 2 
0 . 4 4 8 
0 , 2 2 0 
0 . 3 8 8 
0 . 7 0 4 
0 . 8 6 4 
1 .008 
1.018 
0 , 7 8 8 
0 . 6 0 0 
0 . 9 7 0 
0 ,510 
LOCATION-3 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
0 , 5 5 4 
0 . 6 0 8 
0 . 6 1 3 
0 . 7 5 7 
0 . 4 9 4 
0 . 5 7 7 
0 . 5 9 2 
0 . 5 4 6 
0 , 6 5 6 
0 , 4 5 0 
0 ,650 
0 , 6 7 3 
0 , 5 8 3 
0 , 4 5 5 
0 , 6 5 8 
0 , 5 6 2 
0 . 6 2 3 
0 . 5 1 9 
0 , 7 6 5 
0 , 4 5 2 
0 , 6 1 4 
0 , 7 5 3 
0 , 8 4 0 
0 , 6 7 2 
0 . 6 7 7 
0 . 3 8 7 
0 . 1 9 0 
0 . 3 3 6 
0 .609 
0 . 7 4 8 
0 . 8 7 2 
0 . 8 8 1 
0 . 6 8 2 
0 .519 
0 . 8 4 0 
0 . 4 4 1 
0 . 4 7 9 
0 . 5 2 6 
0 . 5 3 0 
0 . 6 5 5 
0 . 4 2 7 
0 . 4 9 9 
0 . 5 1 2 
0 . 4 7 2 
0 . 5 6 8 
0 . 3 8 9 
0 . 5 6 2 
0 . 5 8 2 
0 . 5 0 4 
- 0 . 0 0 1 
- 0 . 5 6 6 
0 . 0 1 8 
0 . 3 1 6 
- 0 . 5 3 0 
0 .269 
0 . 5 3 3 
- 0 , 2 7 9 
0 ,324 
0 , 2 2 8 
0 , 0 3 5 
- 0 , 0 0 9 
- 0 . 3 5 4 
1,355 
- 0 , 2 9 3 
- 0 . 6 6 8 
0 . 1 5 4 
0 . 2 3 8 
0 . 4 1 5 
0 .492 
- 0 . 4 7 0 
- 0 . 2 7 2 
0 . 2 5 8 
- 0 . 5 6 4 
- 0 . 2 6 8 
- 0 . 2 9 1 
0 .152 
- 0 . 3 9 4 
- 0 . 3 5 7 
0 . 2 9 8 
- 0 . 3 0 6 
0 .460 
- 0 . 0 4 1 
- 0 . 2 5 7 
0 .172 
- 0 , 6 1 7 
continued.... 
S.NO. 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 6 . 
2 6 . 
2 7 . 
To 
0 . 6 7 4 
0 .622 
0 . 5 4 2 
0 .602 
0 . 5 9 8 
0 . 3 9 6 
0 . 6 4 7 
0 . 7 1 6 
0 . 9 0 4 
0 . 7 4 4 
1.096 
0 . 7 9 6 
0 . 2 7 3 
0 . 6 2 3 
LOCATION-4 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
0 . 7 9 8 
0 .540 
0 .836 
0 .382 
0 . 5 5 7 
0 . 1 4 6 
0 . 5 8 0 
0 . 7 9 1 
0 . 5 1 5 
0 . 8 8 5 
0 . 6 7 8 
0 .484 
0 .574 
0 . 4 0 1 
0 . 5 1 4 
0 . 6 5 8 
0 . 4 2 7 
0 . 5 2 4 
0 . 5 9 5 
0 . 4 5 8 
0 .990 
0 .792 
e 
s 
0 . 5 8 3 
0 . 5 3 8 
0 .469 
0 . 5 8 1 
0 .517 
0 .342 
0 . 5 6 0 
0 .620 
0 . 7 8 2 
0 .644 
0 .949 
0 .689 
0 . 2 3 6 
0 .539 
0 . 6 9 1 
0 . 4 6 7 
0 . 7 2 3 
0 .330 
0 .482 
0 .126 
0 .502 
0 . 6 8 5 
0 . 4 4 3 
0 . 7 6 6 
0 .587 
0 .419 
0 .497 
0 . 3 4 7 
0 . 4 4 5 
0 . 5 6 9 
0 .629 
0 . 4 5 3 
0 . 5 1 5 
0 .396 
0 . 8 5 7 
0 . 6 8 5 
^ 
- 0 . 0 1 9 
0 . 0 4 0 
- 0 . 4 5 9 
- 0 . 2 6 6 
0 . 2 3 9 
- 0 . 4 6 8 
- 0 . 4 6 0 
0 . 1 2 1 
- 0 . 4 6 2 
- 0 . 5 0 8 
- 0 . 1 7 5 
0 . 0 8 9 
0 . 1 6 9 
- 0 . 2 4 0 
- 0 . 3 6 4 
0 . 4 8 5 
- 0 . 1 3 5 
- 0 . 0 5 1 
- 0 . 5 0 0 
- 0 . 4 3 3 
- 0 . 2 5 2 
- 0 . 2 9 7 
- 0 . 1 2 2 
0 . 2 9 5 
- 0 . 6 8 0 
0 . 2 6 5 
0 . 3 1 3 
- 0 . 4 8 6 
0 . 5 8 2 
- 0 . 3 8 3 
- 0 . 2 9 4 
0 . 2 3 3 
- 0 . 0 6 3 
- 0 . 1 3 2 
0 . 4 2 3 
0 . 4 8 0 
S.NO. 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
Yo 
0 . 5 6 6 
0 . 8 2 6 
0 . 6 0 2 
0 . 5 0 2 
0 . 6 0 6 
0 . 6 1 0 
0 . 8 8 7 
0 . 8 3 4 
0 . 8 2 5 
LOCATION-5 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
0 . 7 7 6 
1 .031 
0 . 9 6 2 
0 . 5 9 1 
0 . 8 3 9 
0 . 9 0 6 
0 . 9 0 0 
0 . 8 7 2 
0 . 6 3 8 
1.003 
0 . 7 9 4 
0 . 7 1 7 
0 . 5 0 2 
0 . 8 7 1 
0 . 9 4 8 
0 . 5 2 4 
0 . 5 1 3 
1 .058 
0 . 6 3 3 
0 . 9 7 3 
1.194 
0 . 9 7 7 
0 . 5 9 8 
0 . 5 9 3 
1 .008 
0 . 4 8 2 
0 . 7 3 4 
e 
s 
0 . 4 9 0 
0 . 7 1 5 
0 . 5 2 1 
0 .434 
0 .524 
0 . 5 2 8 
0 . 7 6 8 
0 . 7 2 2 
0 .714 
0 .672 
0 .892 
0 . 8 3 3 
0 . 4 1 1 
0 . 7 3 4 
0 . 7 8 4 
0 .779 
0 . 7 5 5 
0 .552 
0 . 8 6 8 
0 .687 
0 .620 
0 . 4 3 4 
0 .754 
0 .820 
0 . 4 5 3 
0 .444 
0 .916 
0 . 5 4 8 
0 . 8 4 3 
1.034 
0 . 8 4 6 
0 . 5 1 7 
0 . 5 1 3 
0 .872 
0 . 4 1 7 
0 . 6 3 5 
^ 
- 0 . 3 9 7 
0 . 2 1 1 
0 . 3 4 2 
- 0 . 2 3 4 
- 0 . 1 4 0 
0 . 1 2 1 
0 . 0 3 9 
- 0 . 0 6 6 
0 . 0 5 4 
- 0 . 3 1 2 
- 0 . 3 7 8 
0 . 2 4 6 
- 0 . 3 0 5 
0 . 1 5 4 
0 . 2 6 1 
- 0 . 1 5 3 
0 . 1 1 3 
0 . 1 6 0 
0 . 3 7 8 
0 . 2 7 5 
0 . 5 6 4 
- 0 . 2 3 7 
0 . 2 7 3 
0 . 0 6 6 
- 0 . 2 0 8 
- 0 . 1 8 5 
0 .592 
- 0 . 3 4 1 
0 . 3 8 1 
- 0 . 1 5 0 
0 .244 
- 0 . 4 3 4 
-0 .32 '5 
0 . 0 4 5 
0 . 3 4 1 
- 0 . 2 1 6 
cont inued. . 
S.NO. 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
Yo 
0 . 7 6 5 
0 . 6 2 3 
0 . 7 8 8 
0 .784 
0 . 9 1 8 
0 . 7 5 3 
LOCATION-6 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
0 . 8 6 2 
0 . 7 3 6 
0 . 9 2 2 
0 .510 
0 . 6 8 3 
0 . 6 2 1 
1.024 
0 . 6 0 7 
0 . 3 0 7 
0 .757 
0 . 8 7 3 
0 .519 
0 . 8 7 6 
0 . 8 1 6 
0 . 9 3 6 
0 . 5 0 8 
0 .557 
0 . 8 3 8 
0 . 7 2 0 
0 .520 
0 . 8 2 9 
0 . 8 8 6 
0 . 6 9 9 
0 . 6 7 2 
0 . 5 4 2 
0 . 5 9 3 
0 . 3 2 2 
0 . 7 2 3 
0 .802 
0 . 6 2 3 
0 . 6 7 6 
e 
s 
0 . 5 6 2 
0 . 5 3 9 
0 . 6 8 2 
0 . 6 7 8 
0 . 7 9 4 
0 . 6 5 2 
0 . 7 4 6 
0 . 6 3 7 
0 . 7 9 8 
0 . 4 4 1 
0 . 5 9 1 
0 . 5 3 7 
0 . 8 8 6 
0 . 5 3 2 
0 . 2 6 5 
0 . 6 5 5 
0 . 7 5 6 
0 . 4 4 9 
0 . 7 5 8 
0 . 7 0 6 
0 .810 
0 . 4 3 9 
0 . 4 8 2 
0 . 4 2 5 
0 . 6 2 3 
0 . 4 5 0 
0 . 7 1 7 
0 . 7 6 7 
0 . 6 0 5 
0 . 5 8 1 
0 . 4 6 9 
0 . 5 1 3 
0 . 2 7 8 
0 . 6 2 6 
0 . 6 9 4 
0 . 5 3 9 
0 . 5 8 5 
\ ) 
- 0 . 1 4 1 
- 0 . 2 4 1 
- 0 . 1 0 2 
0 . 1 8 4 
- 0 . 1 6 1 
0 . 2 0 8 
- 0 . 3 1 3 
- 0 . 6 8 9 
- 0 . 5 0 9 
- 0 . 4 0 3 
- 0 , 4 5 0 
- 0 . 2 3 7 
0 . 1 0 6 
- 0 . 4 6 8 
0 . 5 4 5 
- 0 . 3 9 6 
- 0 . 4 2 8 
- 0 . 2 8 9 
- 0 . 1 6 2 
- 0 . 1 8 5 
- 0 . 4 5 2 
- 0 . 1 8 7 
- 0 . 4 3 3 
- 0 . 3 8 1 
0 . 1 3 4 
- 0 . 7 3 8 
- 0 . 0 6 2 
0 . 1 0 3 
- 0 . 3 3 7 
- 0 . 0 4 8 
- 0 . 1 7 8 
- 0 . 3 2 5 
- 0 . 3 6 0 
- 0 . 4 7 8 
- 0 . 5 2 6 
- 0 . 3 6 6 
- 0 . 2 4 4 
S.No. 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
^ 0 
0 . 5 3 1 
0 . 6 4 8 
0 . 6 0 1 
0 . 6 7 6 
0 . 6 2 0 
0 . 5 0 8 
0 . 7 0 8 
0 . 6 3 1 
0 . 4 1 7 
0 , 6 8 6 
LOCATION-7 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
0 . 6 8 4 
0 . 6 5 5 
0 . 1 9 6 
0 . 9 6 9 
0 . 7 9 4 
0 . 7 6 8 
0 . 6 8 3 
0 . 7 4 4 
0 . 5 8 1 
0 . 8 0 8 
0 . 5 6 9 
0 . 6 3 4 
0 . 4 9 8 
0 . 4 8 0 
0 . 2 2 0 
0 . 7 5 5 
0 . 6 6 7 
0 . 5 1 4 
0 . 6 1 0 
0 . 7 4 9 
0 . 8 7 1 
0 . 6 9 8 
1.040 
0 . 6 5 8 
0 . 9 6 7 
0 . 7 2 2 
0 . 6 7 6 
e 
s 
0 . 4 5 9 
0 . 5 6 1 
0 . 5 2 0 
0 . 5 8 5 
0 . 5 3 6 
0 . 4 3 9 
0 . 6 1 3 
0 . 5 4 6 
0 . 3 6 1 
0 . 5 9 4 
0 . 5 9 2 
0 . 5 6 7 
0 . 7 9 3 
0 . 8 3 9 
0 . 6 8 7 
0 . 6 6 5 
0 . 5 9 1 
0 . 6 4 4 
0 . 5 0 3 
0 . 6 9 9 
0 . 4 9 2 
0 . 5 4 9 
0 . 4 3 1 
0 . 4 1 5 
0 . 1 9 0 
0 . 6 5 3 
0 . 5 7 7 
0 . 4 4 5 
0 . 5 2 8 
0 . 6 4 8 
0 . 7 5 4 
0 . 6 0 4 
0 . 9 0 0 
0 . 5 6 9 
0 . 8 3 7 
0 . 6 2 5 
0 . 5 8 5 
<) 
- 0 . 3 0 2 
- 0 . 3 0 5 
- 0 . 4 2 7 
0 . 1 3 6 
- 0 . 3 4 4 
- 0 . 0 7 6 
- 0 . 0 2 9 
- 0 . 4 2 2 
0 . 4 3 6 
0 . 4 0 6 
- 0 . 5 1 9 
- 0 . 5 6 0 
- 0 . 0 6 5 
- 0 . 0 3 0 
- 0 . 1 1 7 
- 0 . 7 5 6 
- 0 . 1 9 3 
- 0 . 3 0 9 
- 0 . 7 1 1 
- 0 . 7 0 7 
- 0 . 2 2 6 
- 0 . 3 3 9 
0 . 4 5 2 
- 0 . 4 1 7 
- 0 . 4 7 8 
- 0 . 5 1 9 
- 0 . 0 5 3 
- 0 . 1 3 5 
- 0 . 5 3 3 
- 0 . 1 1 5 
- 0 . 3 2 0 
- 0 . 5 2 8 
- 0 . 1 8 5 
- 0 . 4 9 2 
0 . 1 7 7 
- 0 . 0 1 6 
- 0 . 1 3 6 
c o n t i n u e d . . . , 
S.No. 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
4 1 . 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
4 6 . 
4 7 . 
4 8 . 
4 9 . 
5 0 . 
5 1 . 
TO 
0 .594 
0 . 8 2 7 
0 .460 
0 .862 
0 . 6 8 3 
0 . 6 3 8 
0 .692 
0 . 6 9 2 
0 . 6 2 4 
0 .740 
0 .422 
0 . 6 1 3 
0 , 7 0 6 
0 . 6 6 8 
0 . 9 7 1 
0 . 5 1 2 
0 . 5 8 4 
0 .319 
0 . 6 0 8 
0 . 6 5 8 
0 . 5 8 5 
1.158 
0 . 4 3 2 
0 .586 
LOCATION-8 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
0 . 9 7 8 
0 . 8 1 7 
0 . 6 8 6 
0 .497 
0 . 7 0 8 
0 .722 
0 .592 
0 . 5 9 5 
0 .564 
0 .620 
0 . 6 9 5 
0 . 9 1 1 
e 
s 
0 .514 
0 . 7 1 6 
0 . 3 9 8 
0 .746 
0 , 5 9 1 
0 . 5 5 2 
0 . 5 9 9 
0 . 5 9 9 
0 . 5 4 0 
0 .640 
0 . 3 6 5 
0 .530 
0 , 6 1 1 
0 . 5 7 8 
0 . 8 4 0 
0 . 4 4 3 
0 . 5 0 5 
0 . 2 7 6 
0 .526 
0 . 5 6 9 
0 . 5 0 6 
1.002 
0 . 3 7 3 
0 .507 
0 . 8 4 6 
0 .460 
0 . 5 9 4 
0 . 4 3 0 
0 . 6 1 3 
0 . 6 2 5 
0 . 5 1 2 
0 . 5 1 5 
0 . 4 8 8 
0 .536 
0 . 6 0 1 
0 . 7 8 8 
^ 
- 0 . 0 2 8 
- 0 . 3 7 8 
- 0 . 3 4 2 
- 0 . 6 4 0 
0 . 2 6 3 
0 .116 
0 . 3 1 3 
- 0 . 1 3 3 
0 .092 
0 .104 
- 0 . 3 1 5 
0 . 1 3 3 
0 , 1 3 5 
- 0 . 5 9 2 
- 0 . 7 1 9 
0 .014 
- 0 . 7 7 3 
0 . 0 2 2 
- 0 . 1 8 8 
- 0 . 1 1 5 
- 0 . 2 9 0 
0 .930 
- 0 . 3 5 7 
- 0 . 4 7 4 
0 .280 
- 0 . 2 0 4 
0 .019 
- 0 . 7 2 6 
0 . 1 1 8 
0 , 2 1 2 
- 0 . 3 8 7 
0 .220 
0 .030 
0 . 0 6 7 
- 0 . 1 0 6 
- 0 . 3 1 5 
S.No. 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
\o 
0 . 6 7 6 
0 . 3 8 3 
0 . 8 5 6 
0 . 6 7 4 
0 . 9 3 4 
0 . 5 7 2 
1.122 
0 . 6 6 0 
0 . 6 0 1 
0 . 5 2 6 
0 . 8 9 3 
0 . 8 2 8 
0 . 7 9 2 
0 . 7 8 2 
0 . 6 1 6 
0 . 5 8 5 
LOCATION-9 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
0 . 5 9 6 
0 . 5 6 0 
0 . 6 9 8 
0 . 7 5 9 
0 . 8 4 8 
0 . 4 1 0 
0 . 4 6 1 
0 . 5 0 4 
0 . 3 6 0 
0 . 4 4 3 
0 . 3 2 0 
0 . 5 3 8 
0 . 5 7 3 
0 . 5 3 8 
0 . 5 5 8 
0 . 6 2 4 
0 . 5 4 6 
0 . 3 5 8 
0 . 4 5 6 
0 . 3 1 3 
e 
s 
0 . 5 8 5 
0 . 3 3 0 
0 . 7 4 1 
0 . 5 8 3 
0 . 8 0 8 
0 . 4 9 5 
0 . 9 7 1 
0 . 5 7 1 
0 . 5 2 0 
0 . 4 5 5 
0 . 7 7 3 
0 . 7 1 7 
0 . 6 5 1 
0 . 6 7 7 
0 . 5 3 3 
0 . 5 0 6 
0 . 5 1 6 
0 . 4 8 4 
0 . 6 0 4 
0 . 6 5 7 
0 . 7 3 4 
0 . 3 5 5 
0 . 3 9 9 
0 . 4 3 6 
0 , 3 1 1 
0 . 3 8 3 
0 . 2 7 7 
0 . 4 6 5 
0 . 4 9 6 
0 . 4 6 5 
0 . 4 8 4 
0 . 5 4 0 
0 . 4 7 2 
0 . 3 1 0 
0 . 3 9 4 
0 . 2 7 1 
v^  
- 0 . 3 6 8 
- 0 . 0 8 0 
0 . 0 1 8 
- 0 . 0 5 3 
- 0 . 0 5 1 
- 0 . 0 7 4 
0 . 0 5 9 
0 , 2 7 9 
- 0 . 3 6 0 
0 . 1 0 6 
- 0 . 4 3 5 
- 0 . 2 4 5 
- 0 . 4 1 3 
- 0 . 1 7 4 
- 0 . 0 9 4 
0 . 1 3 4 
- 0 . 0 0 1 
- 0 . 2 8 6 
- 0 . 1 2 4 
- 0 . 0 7 9 
0 . 0 1 8 
0 . 0 3 1 
- 0 . 2 3 3 
0 . 5 1 1 
- 0 , 1 6 5 
- 0 , 0 6 9 
- 0 . 4 2 5 
0 . 0 3 1 
0 . 4 7 1 
0 . 4 0 3 
0 . 0 9 0 
0 . 4 8 1 
- 0 . 1 0 1 
- 0 . 2 1 0 
0 . 3 1 3 
- 0 . 0 0 5 
c o n t i n u e d . . . . 
S.No. 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
3 3 . 
3 4 . 
3 5 . 
3 6 . 
3 7 . 
3 8 . 
3 9 . 
4 0 . 
\o 
0 . 5 8 9 
0 . 5 2 9 
0 . 3 4 8 
0 . 3 9 1 
0 . 5 6 2 
0 . 4 6 0 
0 . 4 9 2 
0 . 4 4 0 
0 . 4 5 2 
0 , 8 5 6 
0 . 5 5 5 
0 . 5 8 5 
0 . 4 4 1 
0 . 1 5 3 
0 . 5 1 8 
0 . 4 7 2 
0 . 6 5 0 
0 . 8 5 5 
0 . 6 6 7 
0 . 6 6 4 
LOCATION-10 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
0 . 5 7 7 
0 . 5 4 2 
0 . 6 4 0 
0 . 6 9 2 
0 . 3 5 8 
0 . 6 ? 1 
0 . 6 3 0 
0 . 2 9 2 
0 . 4 5 2 
0 . 6 9 8 
0 . 3 3 0 
0 . 6 8 7 
0 . 7 9 1 
0 . 6 4 7 
0 . 6 2 1 
0 . 5 8 3 
e 
s 
0 . 5 1 0 
0 . 4 5 8 
0 . 3 0 1 
0 . 3 3 8 
0 . 4 8 6 
0 . 3 9 8 
0 . 4 2 6 
0 . 3 8 1 
0 . 3 9 1 
0 . 7 4 1 
0 . 4 8 0 
0 . 5 0 6 
0 . 3 8 1 
0 . 4 4 4 
0 . 4 4 8 
0 . 4 0 8 
0 . 5 6 2 
0 . 7 4 0 
0 . 5 7 7 
0 . 5 7 5 
0 . 4 9 9 
0 . 4 6 9 
0 . 5 5 4 
0 . 5 9 9 
0 . 3 1 0 
0 .537 
0 . 5 4 5 
0 .252 
0 . 3 9 1 
0 . 6 0 4 
0 . 2 8 5 
0 . 5 9 4 
0 .650 
0 .560 
0 .537 
0 . 5 0 4 
\) 
- 0 . 0 2 3 
- 0 . 8 0 9 
0 . 0 1 8 
- 0 . 0 2 9 
0 .094 
0 .289 
0 .072 
- 0 . 0 2 5 
- 0 . 1 3 3 
0 . 1 2 3 
- 0 . 1 8 3 
- 0 . 1 3 2 
- 0 . 2 0 8 
0 .084 
- 0 . 1 9 8 
0 . 0 9 1 
- 0 . 1 6 3 
0 . 3 7 8 
0 . 2 3 5 
0 .370 
0 . 0 1 4 
- 0 . 0 2 8 
0 . 0 7 3 
0 . 0 3 3 
- 0 . 1 8 7 
0 .254 
- 0 . 5 3 4 
- 0 . 0 0 5 
0 . 1 7 5 
0 .135 
- 0 . 4 1 9 
0 . 2 3 3 
0 . 1 1 8 
- 0 . 6 8 0 
0 .187 
- 0 . 3 1 4 
S.No. 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
YO 
0 . 6 5 2 
0 . 5 6 6 
0 . 6 3 2 
0 . 7 1 9 
0 . 5 1 6 
0 . 5 8 5 
0 . 6 0 9 
0 . 5 4 4 
0 . 5 9 4 
0 . 4 8 9 
LOCATION-11 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 , 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
0 . 5 1 4 
0 . 4 7 2 
0 . 5 2 5 
0 . 4 5 0 
0 . 3 7 5 
0 . 3 4 5 
0 . 7 7 6 
0 . 4 3 2 
0 . 7 0 9 
0 . 3 7 6 
0 . 4 8 9 
0 . 3 3 0 
0 . 4 5 0 
0 .589 
0 . 4 8 3 
0 . 7 6 5 
0 . 6 5 0 
0 . 5 6 6 
0 . 6 2 4 
0 .566 
0 . 6 7 4 
0 . 6 7 2 
0 . 6 5 0 
0 . 5 9 1 
e 
s 
0 . 5 6 4 
0 .490 
0 .547 
0 .622 
0 .446 
0 . 5 0 6 
0 .527 
0 . 4 7 1 
0 .514 
0 . 4 2 3 
0 . 4 4 5 
0 . 4 0 8 
0 .454 
0 .389 
0 .324 
0 . 2 9 8 
0 .672 
0 .374 
0 . 6 1 3 
0 . 3 2 5 
0 . 4 2 3 
0 . 2 8 5 
0 .389 
0 .510 
0 . 4 1 8 
0 .662 
0 . 5 6 2 
0 . 4 9 0 
0 .540 
0 . 4 9 0 
0 . 5 8 3 
0 . 5 8 1 
0 .562 
0 . 5 1 1 
\) 
0 . 3 2 8 
0 . 1 0 9 
0 . 0 4 6 
- 0 . 2 9 1 
- 0 . 5 0 7 
- 0 . 1 3 2 
0 . 0 6 5 
0 . 3 4 1 
0 . 1 3 0 
- 0 . 0 0 6 
- 0 . 0 1 7 
- 0 . 7 1 2 
- 0 . 2 3 1 
- 0 . 0 6 6 
- 0 . 7 1 9 
- 0 . 5 2 7 
0 . 2 2 7 
0 . 3 3 7 
- 0 . 2 8 9 
- 0 . 5 2 4 
0 . 0 0 6 
0 . 0 9 8 
- 0 . 1 5 0 
0 . 2 5 3 
0 . 2 4 1 
- 0 . 0 9 8 
- 0 . 0 0 2 
0 . 2 2 4 
- 0 . 3 4 2 
0 . 4 6 8 
- 0 . 1 9 1 
- 0 . 2 5 3 
0 . 0 1 8 
- 0 . 2 4 7 
c o n t i n u e d . . . . 
S.No. -yo ^ S.No. yo <i 
LOCATION-12 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
3 1 . 
3 2 . 
0 . 4 5 6 
0 . 7 4 8 
0 . 5 3 3 
0 . 5 9 1 
0 . 7 0 6 
0 . 8 1 6 
0 .566 
0 . 4 8 0 
0 . 4 1 1 
0 . 6 9 5 
1.186 
0 . 5 5 2 
0 .520 
0 . 7 4 0 
0 . 7 0 5 
0 . 6 3 8 
0 . 5 3 1 
0 . 8 5 2 
0 . 7 7 9 
0 . 4 6 8 
0 . 5 9 8 
0 . 5 3 3 
0 . 8 0 9 
0 . 7 6 4 
0 . 7 1 2 
0 . 7 4 8 
0 . 6 7 6 
0 . 6 6 6 
0 . 5 4 8 
0 . 7 0 3 
0 . 5 3 2 
0 . 6 4 1 
0 . 3 9 4 
0 . 6 4 7 
0 . 4 6 1 
0 . 5 1 1 
0 .611-
0 . 7 0 6 
0 . 4 9 0 
0 . 4 1 5 
0 . 3 5 5 
0 . 6 0 1 
1.027 
0 . 4 7 8 
0 . 4 5 0 
0 . 6 4 0 
0 .610 
0 . 5 5 2 
0 . 4 5 9 
0 . 7 3 7 
0 . 6 7 4 
0 . 4 0 5 
0 . 5 1 7 
0 . 4 6 1 
0 . 7 0 0 
0 . 6 6 1 
0 .616 
0 .647 
0 . 5 8 5 
0 . 5 7 6 
0 . 4 7 4 
0 . 6 0 8 
0 . 4 6 0 
0 . 5 5 5 
- 0 . 3 8 9 
0 . 0 3 8 
- 0 . 2 5 1 
- 0 . 1 8 1 
- 0 . 0 0 8 
0 . 0 4 2 
- 0 . 3 7 5 
- 0 . 1 0 3 
- 0 . 0 5 1 
- 0 . 2 7 5 
- 0 . 6 1 9 
0 . 2 1 2 
- 0 . 1 6 0 
0 . 0 6 2 
- 0 . 1 4 1 
- 0 . 2 3 8 
- 0 . 1 1 5 
0 . 3 3 1 
0 . 5 1 3 
- 0 . 2 5 7 
- 0 . 1 1 7 
- 0 . 4 7 0 
0 .022 
0 . 1 5 5 
0 . 1 5 7 
- 0 . 3 4 0 
- 0 . 2 9 8 
0 . 2 9 5 
- 0 . 2 9 7 
0 . 2 7 2 
- 0 . 2 0 4 
- 0 . 3 5 8 
LOCATION-13 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 5 . 
2 6 , 
2 7 . 
2 8 . 
2 9 . 
3 0 . 
0 . 8 0 3 
0 . 5 8 4 
0 . 6 4 6 
0 . 5 6 6 
0 . 5 4 6 
0 . 5 2 9 
0 . 7 8 4 
0 . 3 9 6 
0 . 8 5 9 
0 . 7 2 0 
0 , 5 3 6 
0 . 7 8 8 
0 . 7 8 8 
0 . 6 8 4 
0 . 6 2 8 
0 . 6 6 2 
0 . 6 6 7 
0 . 3 0 3 
0 . 5 3 7 
0 . 3 7 4 
0 . 6 7 4 
0 . 6 9 2 
0 . 5 8 8 
0 . 3 3 3 
0 . 3 9 2 
0 . 5 2 7 
0 . 6 0 8 
0 . 8 7 1 
0 . 5 0 8 
0 . 5 2 5 
0 . 6 9 5 
0 . 5 0 5 
0 . 5 5 9 
0 . 4 9 0 
0 . 4 7 2 
0 . 4 5 8 
0 . 6 7 8 
0 .342 
0 . 7 4 3 
0 . 6 2 3 
0 .464 
0 .682 
0 .682 
0 .592 
0 . 5 4 3 
0 . 5 7 3 
0 . 5 7 7 
0 .262 
0 . 4 6 5 
0 . 3 2 3 
0 . 5 8 3 
0 .599 
0 .509 
0 . 2 8 8 
0 .339 
0 .456 
0 .526 
0 .754 
0 .439 
0 .454 
- 0 . 1 7 3 
0 . 0 4 7 
- 0 . 3 8 9 
- 0 . 1 1 5 
- 0 . 0 8 8 
0 . 1 5 9 
- 0 . 1 2 4 
- 0 . 0 7 8 
0 . 0 4 6 
- 0 . 1 2 1 
0 . 1 4 0 
0 . 0 8 3 
- 0 . 1 0 2 
0 . 2 0 2 
- 0 . 0 8 3 
0 . 1 1 4 
- 0 . 0 6 3 
- 0 . 0 0 3 
0 . 3 4 4 
- 0 . 0 2 6 
0 . 1 9 8 
0 . 4 3 4 
- 0 . 2 9 3 
- 0 . 6 6 5 
n . 0 4 3 
- 0 . 4 7 7 
- 0 . 1 5 8 
- 0 . 0 2 6 
- 0 . 1 2 2 
- 0 . 1 ^ 2 
